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INVITED CONTRIBUTION
Editor's Note: Although the European Kidney Research Forum (EKRF) is not yet a national society which is formally recognized by the
International Society of Nephrology, it does reflect the changing face of Europe. The Editors have therefore chosen to publish the abstracts
from the first meeting of the EKRF as an Invited Contribution to promote the advancement of collegiality, scientific dialogue and renal
research worldwide.
Abstracts
The First European Kidney Research Forum
Kioster Ban; Germany, April 23rd—27th, 1994
This issue of Kidney International contains abstracts of the
research presented at the first European Kidney Research Forum
at Kloster Banz, either as invited lectures, as free oral communi-
cations or posters. We would like to preface the abstracts with a
brief comment on the nature and purpose of EKRF:
A gathering of kidney researchers in Naples in June 1992
brought together scientists from three European groups already
concerned for many years with various aspects of kidney structure,
function and pathobiology: The European Colloquium on Renal
Physiology, The Renal Cell Study Group and The Renal Bio-
chemistry Group. There was a unanimous feeling among the
researchers that the advancement of investigative nephrology in
the "new" Europe would be better served by a joining of forces. It
was felt that this goal could be most effectively achieved by
forming an "European Kidney Research Forum" (EKRF).
This FORUM will provide a platform for kidney researchers—
basic and clinical—to optimize the use of the great potential in
this field in Europe and to identify academic and investigative
nephrology in Europe more clearly than in the past. At present,
the EKRF does not have the status of a new society or any
formalized organisation but retains the informal, colloquial style
of the three founding groups.
The first meeting of EKRF was held on April 23—27, 1994 at
K.loster Banz, Germany, under the aegis of ProL Bernd Sterzel,
Erlangen and was attended by 250 participants from all over
Europe. Future meetings of the Forum will be held every two
years (on the alternate years to the congresses of the International
Society of Nephrology). The next one is scheduled for May 1996
in Bergamo, Italy, under the guidance of Prof. Giuseppe Remuzzi.
In 1998, Prof. Roger Green will organize the EKRF in Manches-
ter, England.
R. BERND STERzEL, ERLANGEN-NURNBERG
KlAus Thust&u, MUNCHEN
Erlangen/Munchen, June 20, 1994
Introductory Lecture
CHANNELS AND PUMPS: SO WHAT? B.C Rossier, CM. Can-
essa, F. Jaisser, K Geering and ID. Honsbetger. Institut de Phar-
macologic et de Toxicologic, Universite de Lausanne, Bugnon 27,
CH- 1005 Lausanne, Switzerland. One of the key problems in
nephrology has been during the last 10 years to identify molecules
involved in the vectorial reabsorption and/or secretion of water,
ions and solutes. We have been interested in identifying the
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molecules involved in sodium reabsorption in the distal part of the
nephron which represent a major site for regulation by aldoste-
rone [1]. Our interest in this field was triggered by the clinical
observations of the importance of this nephron segment in
controlling sodium homeostasis, blood volume and blood pres-
sure. In a typical target cell to aldosterone, sodium reabsorption is
achieved through an apically located amilonde-sensitive sodium
channel and a ouabain-sensitive sodium pump located in the
basolateral membrane. In our laboratory, a number of pumps and
channel molecules have now been identified in aldosterone target
cells (e.g kidney or colonic cells): Na,K-ATPases [21], H,K-
ATPases [31] and, more recently, the amiloride-sensitive epithe-
hal sodium channel 14-61. Having these molecules cloned in hand,
the question is: so what? I will try to answer this question by
describing, as an example, the amiloride-sensitive sodium chan-
nel, its structure, its function, its clinical importance and its
relation to a new gene superfamily encoding cation channels that
may be involved in cellular and extracellular volume regulation, in
taste- and mechano-transduction.
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Introductory Lecture 2
Apoptosis: Resolving the problem of glomerulonephritis. .1. Savill, J.
Hughes and A. Mooney. Dept of Medicine, University Hospita4
Nottingham, UK. Apoptosis is a programmed form of cell death,
defined by morphological features such as nuclear chromatin
condensation, characterised by internucleosomal chromatin clear-
age, and leading to rapid recognition, uptake and degradation of
intact cells by phagocytes. Apoptosis is the physiological means by
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which unwanted cells are deleted from tissues, and is regulated by
internal and external signals (1, 2). We believe that apoptosis may
play a key role in resolution of glomerulonephritis, and that
failure of the program may contribute to persistence of glomeru-
lar inflammation and hypercellularity, representing a hitherto
unrecognised factor in pathogenesis of glomerular scarring (3, 4).
Firstly, apoptosis mediates elimination of leucocytes from in-
flamed sites, including the glomerulus, by macrophages and
semi-professional phagocytes, such as mesangial cells (5, 6).
Specific recognition of apoptotic cells is mediated by phagocyte
a.j33 vitronectin receptor integrin, CD36 and thrombospondin (7,
8, 9). Secondly, our unpublished data (obtained in collaboration
with Dr R. Johnson) indicate that apoptosis mediates removal of
excess mesangial cells during resolution of self-limited mesangial-
proliferative nephritis, and that this may be regulated indepen-
dently of proliferation. With fuller definition of the role of
apoptosis in elimination from the glomerulus of infiltrating leu-
cocytes and excess resident cells, it will be possible to seek defects
of cell removal in glomerular disease.
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Invited Lecture 1
Sorting proteins and lipids to the polarized epithelial surface.
K Simons. European Molecular Biology Laboratory, Meyerhofstrasse 1,
69120 Heidelberg. The simple epithelia, lining the body cavities, form
cellular sheets between the external and internal environment. To perform
their boundary function, epithelial cells have evolved a very specialized
cellular architecture. The plasma membrane of each epithelial cell is
divided into two domains with distinct protein and lipid compositions. An
apical domain confronts the outside world and a basolateral domain is
surrounded by the body fluids and promotes attachment to the extracel-
lular matrix. The two domains are separated by circumferential tight
junctions which form an occluding barrier between neighbouring cells and
simultaneously prevent intermixing of the apical and basolateral mem-
brane components of each cell. This unique cellular organization enables
epithelia to carry out their specialized vectorial functions in secretion,
absorption and ion transport. The mechanisms whereby epithelial cell
polarity is generated and maintained are of fundamental interest in cell
biology and are the focus of the research in our group. We are mainly
using the Madin-Darby canine kidney (MDCK) cell system as our
experimental model. Using cells, grown on permeable supports, an
epithelial sheet is obtained that closely mimics the organization seen in
vivo. Protein sorting is studied using the envelope glycoproteins of
influenza and vesicular stomatitis virus (VSV) as model apical and
basolateral membrane proteins. Lipid sorting to the cell surface is
followed by using fluorescently labelled lipid markers. The main task is
now to identify the sorting signals and the machinery responsible for
epithelial protein sorting. The apical and basolateral transport vesicles
have been isolated. We have been able to isolate and characterize several
novel proteins from these vesicles. Their functional involvement in protein
sorting and targetting will be discussed.
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Nuclear pore complexes of Madin-Darby canine kidney cells. H.
Oberleithner and E. Brinckmann, Dept. of Physiology, Wurzburg. The
nuclear pore complex (NPC) is a supramolecular assembly which spans
the doublemembrane system of the nuclear envelope. Nucleocytoplasmic
transport of ions and macromolecules takes place through a large channel
located in the center of the NPC. In order to gain information on this
transport route we imaged the pores by atomic force microscopy (AFM)
and applied microelectrodes in nuclei of the Madin-Darby canine kidney
(MDCK) cell line. Cells were grown on glass and, after removal of the
apical plasma membrane and glutaraldehyde fixation, the exposed nuclear
envelopes were scanned by the AFM. NPCs could be disclosed on the
nuclear surface and imaged 3-dimensionally. NPCs seemed equally dis-
tributed across the nuclear surface resembling "donut like" structures with
outer diameters of 134 12 nm (N = 50), each equipped with a central
channel (entrance diameter at the cytoplasmic face = 2 — 30 nm). Cells
maintained in medium containing 10% fetal calf serum and grown to
confluency expressed 1590 97 pores/nucleus (N 10). In order to
evaluate intranuclear electrical potential (V,,) and nuclear envelope
conductance (Ge), nuclei of intact monolayer cells were impaled with two
microelectrodes. After mechanical disruption of the plasma membrane,
transenvelope current—voltage relationships were measured in buffered
modified Ringer solution mimicking the intracellular milieu. In 14 nuclei
we measured a spontaneous V of —5.2 0.4 mV (nucleoplasm electri-
cally negative versus cytoplasm) and a Gn of 1.34 0.17 jsS. Taking into
account the absolute number of NPCs per nucleus and assuming that they
represent the sole conductive pathway in the nuclear envelope we
calculate a mean single NPC conductance of about 843 pS. Derived from
the AFM images the central channel is large enough to allow the passage
of ribonucleoproteins whereas the rather small transenvelope electrical
driving force (Va) prevents large ion fluxes between cytoplasm and
nucleoplasm.
Rat brain K+ channels present different expression patterns when
stably transfected in MDCK cells. Le Maout Sophie*, Coudrier Evelyne +,
Poujeo Philippe*, Pongs Olaf#, Merot Jean*. *DBCM/SBCe CEN Saclay,
Gif7Yvette, France. +Institut Pasteur, Paris, France. #Zentnzm für Moleku-
lare Neurobiologie, Hamburg Germany. Like neurons, epithelial cells
present a highly polarized morphology and many studies sugges a strong
homology in the sorting mechanisms involved in their structural polarity.
To investigat the mechanisms of ionic channels expression and sorting in
these polarized cell types, we have studied the heterologous expression of
two rat brain voltage gated K+ channels in the epithelia cell line MDCK.
Using PcB6 vector, Raw3 and Rck4 cDNAs were stably incorporated mt
MDCK cells. Channels expression was analyzed by indirect immuno-
fluorescence using specific antibodies. Confocal microscopy observation
revealed that most of Raw3 remained trapped in the intracellular mem-
branes whereas Rck4 was expressed in their basolateral membrane.
Basolateral Rck4 expression was confirmed by specific membrane biotini-
lation experiments performed on cells growing on permeable supports.
The protein appeared as a doublet (81-94 kD) on Western blots. The
8lkD band was the major species in whole cell lysate, while the 94kD
band, which is N-glycopeptidase F and neuraminidase sensitive, was the
major form expressed in the basolateral membranes. Finally, patch-clamp
experiments confirmed the functional activity of Rck4 channels. On the
other hand, membrane expression of Raw3 could not be detected in either
biotinylation and patch clamp experiments. Site directed mutagenesis
experiments and the expression of Raw3-Rck4 chimeras are now investi-
gated to elucidate the molecular signals involved in the basolateral
membrane expression of Rck4 and cytoplasmic retention of Raw3. We
conclude that RCK4 channel sequence bears the molecular signals
sufficient for its membrane expression and sorting as an homotetramere
whereas RAW3 channel is probably expressed as an heteromultimeric
protein.
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Cell volume dependent Na,K/ATPase pump recruitment in cortical
collecting tubule. N. Cout,y, J.P. Bonvalet, N. Fannen, M Blot-Chabaud,
INSERM U246, Paris, France. Previous studies have shown that a rise in
intracellular sodium concentration (Na,)—induced the recruitment and/or
activation of a latent pool of Na,KJATPase at the basolateral membrane of
cells of the cortical collecting duct (CCD) (Blot-Chabaud et al. JBC 1990,
Barlet-Bas et al. JBC 1990). We addressed the question of the mecha-
nism(s) of this recruitment, namely 1) the functionality of recruited pumps
2) the nature of the a isoform involved and 3) the putative role of cell
volume variations in this phenomenon. Experiments were done on iso-
lated non perfused CCD of mice. Tubules were clamped at various Na1,
and cell volume, specific 3H-ouabain binding and Na,KJATPase depen-
dent Rubidium uptake were detennined. Results show that 1) recruited
pumps exhibit transport capacity, as demonstrated by Rb uptake experi-
ments 2) neither specific activity (Rb uptake per pump unit) nor ouabain
sensitivity of recruited pumps vary as compared to basal pumps. This
renders unlikely that pump recruitment involves a shift in the isoform (a1)
expressed in CCD 3) cell volume changes appear to play a major role in
the mechanism of pump recruitment. CCD were incubated in iso, hypo or
hypertonic solutions with or without sodium, to provoke independent
changes in Nai and cell volume. In sodium-loaded CCD, pump recruit-
ment occurred only when cell swelling was associated with high Na1.
Furthermore, cell swelling induced pump recruitment even in the absence
of sodium load.
Characterisation of a yolk sac epithelial cell line which expresses two
proteins GP280 and GP330 of the intermicrovillar area of proximal tubule
cells: inhibition of endocytosis by the specific antibodies. S. Le Panse, M.
Galceran, F. Pontillon, B. Lelongt, P. Ronco, P. Venvut. Hop. Tenon, Paris,
France. Clathrin coated intermicrovillar areas of the proximal tubule and
visceral yolk sac epithelial cells express on their luminal aspect 2 high
molecular weight glycoproteins: gp280 is only expressed by these 2
epithelia and we showed that, in the rat, the corresponding antibodies
induce foetal malformations; gp330, the Heymann antigen, is in addition
expressed by epithelial cells of the glomerulus and epididymis and by
pneumocytes type II. To study the effect of antibodies to gp280 or gp330
on endocytosis, we have characterised a rat yolk sac carcinoma cell line
which expresses these 2 glycoproteins. When cells were biosynthetically
labelled with 35S methionine and NP4O solubilised gp280 and gp330 were
independently immunoprecipitated by mono or polyclonal antibodies,
both were synthesized in the form of high MW oligomers with a slow
maturation time and released in the supernatants. A 45 kDa protein,
comigrating with the a-2 macroglobulin receptor associated protein, was
associated with gp330 but not with gp280. By indirect immunofluorescence
and immunoelectron microscopy gp330 and gp280 were concentrated in
clathrin coated membrane areas but gp280 was also detected in non
coated areas. Both were in addition detected in intracellular vesicles.
Endocytosis was studied using peroxidase and 14C Sucrose. Uptake of
both markers was 25—40% inhibited in cells cultured for more than 4
hours in the presence of antibodies to gp28O. This effect was associated
with alterations of the intracellular traffic of peroxidase which failed to be
normally transferred to lysosomes. A similar but less marked effect was
found with antigp33o antibodies. We propose that this cell culture model
may be of value to understand the cell biology and function of gp280 and
gp330.
Expression of matrix metalloproteinases and TIMP in normal human
renal development and in autosomal recessive polycystic kidney disease
(ARPKD). J. T Norman, L. Gatti* & P. D. Wilson*. Dept. Medicine, UCL
Medical School, London; *Djv. Nephrology, Johns Hopkins University
Medical School, Baltimore. Matrix metalloproteinases (MMPs) and their
inhibitor, TIMP, have been implicated in a number of developmental
processes involving reorganisation of the extracellular matrix with changes
in cell proliferation and differentiation. The role of MMPs and TIMP in
human renal development has not been elucidated but it seems likely that
these enzymes have a role in the complex morphogenetic processes of
nephrogenesis. The temporal and spatial patterns of expression of the
72kD and 92kD gelatinases (GL), stromelysin (ST) and TIMP were
examined by immunohistochemistry at different stages of renal develop-
ment (10 weeks—2 years). Expression of 92GL, ST and TIMP was first
detected at 14 wks and localised predominantly to the collecting ducts
(CT), which derive from the ureteric bud. The 72GL appeared by 24 wks
and also showed, primarily, collecting duct localisation. Zymographic
analysis of conditioned medium from cultured fetal (24wk) epithelial cells
showed that proximal tubule, thick ascending limb and collecting duct cells
do secrete some gelatinase activity. Although no mesenchymal staining
was detectable in tissue sections, fetal fibroblasts in culture secreted
gelatinase activity and expressed the mRNA for TIMP. By 2 years the
adult pattern of MMPs and TIMP was established with predominantly
medullaty expression of 72 and 92 GL and ST; TIMP expression was
apparent throughout the collecting duct but most marked in the outer
medullary CF. ARPKD cysts are thought to arise as a consequence of a
developmental defect in the final stages of collecting duct formation. In
ARPKD there was premature expression of the 72GL and increased
expression of 92GL, ST and TIMP in collecting ducts with normal
morphology, which persisted in expanding cysts, while expanded cysts
lacked any detectable activity. ARPKD fibroblasts in vitro also secreted
gelatinase activity and expressed TIMP. Conclusion: MMPs and TIMP are
expressed by both epithelial and mesenchymal cells in the fetal kidney
suggesting a role for these enzymes in nephrogenesis, particularly in
collecting duct morphogenesis. Further, changes in MMP and TIMP
expression in ARPKD suggest that alterations in ECM metabolism may
play a role in this disease as has been postulated in ADPKD.
Invited Lecture 2
Regulation of angiogenesis in vitro: Cytokine interactions and balanced
extracellular proteolysis. M.S. Pepper, J.-D. Vassalli, L. Orci and R.
Montesano. Institute of Histology and Embryology, Department of Morphol-
ogy, University Medical Center, Geneva, Switzerland. Using in vitro models
which recapitulate many essential elements of the angiogenic process, we
have explored the role of extracellular proteolysis and of interactions
between angiogenesis-modulating cytokines in endothelial cell migration
and capillary morphogenesis. Urokinase-type plasminogen activator (u-
PA) activity is increased in migrating endothelial cells (1). This can be
accounted for by an increase in receptor-bound u-PA, which results from
an increase in both u-PA and u-PA receptor expression by migrating cells
(2). Migration is also accompanied by an increase in expression of
plasminogen activator inhibitor-i (PAl-i) (3). u-PA and PAl-i are
induced in endothelial cells by basic fibroblast growth factor (bFGF),
vascular endothelial growth factor (VEGF) and transforming growth
factor-Ill (TGF-131) (4, 5). By using the ratio of u-PA:PAI-i mRNA as a
reflection of the balance between extracellular proteolysis and anti-
proteolysis, we have found that bFGF- or VEGF-induced endothelial cell
invasion and tube formation in three-dimensional collagen or fibrin gels
correlate with a net increase in proteolysis (4, 5, 6). Co-addition of
TGF-J31 (5ng/ml) reduces bFGF-induced proteolysis, and also inhibits
bFGF-induced invasion and lumen formation in fibrin gels, resulting in the
formation of solid endothelial cell cords (4). Coaddition of TGF-pl at
500pg/ml also reduces lumen size, but potentiates bFGF- and VEGF-
induced invasion (7). Co-addition of bFGF and VEGF results in a potent
synergistic effect on invasion which occurs with greater rapidity than the
response to either cytokine alone (6). In polyoma virus middle-T (mT)
oncogene-expressing endothelial cells, which form cystlike structures
resembling hemangiomas when embedded in fibrin gels, u-PA activity is
increased while PAl-i is decreased when compared to endothelial cells fot
expressing mT (8). Exogenously added serine protease inhibitors restore
normal morphogenetic properties (formation of capillary-like tubules) to
the mT-expressing cells. These findings indicate: a) that protease inhibi-
tors play an important permissive role in angiogenesis by protecting the
matrix from excessive protease activity, and that an appropriate balance
between proteases and protease inhibitors is necessary for normal capil-
lary morphogenesis. b) that the response to a particular angiogenesis-
modulating cytokine is contextual, and depends on the presence and
concentration of other cytokines in the pericellular environment.
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pp6Oc-src modulates microvascular endothehal cell phenotype, PDGF
responsiveness and in vitro angiogenesis. M Maix, F. Prols, S. L. Warren,
and J. A. Madri; Department of Pathology, Yale University, School of
Medicine, New Haven, Connecticut 06510, and Medizinische Klinik IV,
Universitat Erlangen-Nurnberg, 91054 Erlangen. The protein-tyrosine-ki-
nase c-src associates with the activated platelet-derived growth factor
(PDGF) receptor and may be involved in the transduction of mitogenic
PDGF signals. Using a retroviral gene-transfer system we have stably
overexpressed wildtype c-src, a kinase-negative c-src mutant and trans-
forming v-src in rat microvascular endothelial cells. The mitogenic effect
of PDGF-BB was enhanced in cells overexpressing the c-src kinase-
negative mutant and diminished in cells transfected with wild-type c-src,
suggesting that c-src kinase activity elicits an inhibitory effect on the
transduction of mitogenic PDGF signals. Analyzes of cell morphology and
actin cytoskeleton organization in two-dimensional culture revealed a
c-src kinase independent change in cell shape and size due to the
overexpression of c-src protein. Investigation of microvascular endothelial
cells in three-dimensional culture in type I collagen unveiled a modulatory
role of c-src kinase activity during in vitro angiogenesis. Specifically,
overexpression of wild-type c-src resulted in an increased diameter of
multicellular tube-like structures and the number of branching segments
was decreased compared to control cells. On the other hand, expression of
the kinasenegative c-src mutant resulted in abortive tube formation
consisting of disconnected multicellular tube fragments. In summary these
results indicate that the ubiquitously expressed c-src tyrosine kinase exerts
pleiotropic regulatory effects on cell proliferation, size and cytoskeletal
organization in conventional two-dimensional culture and on the forma-
tion of a differentiated multicellular network in three-dimensional culture.
Targeted manipulation of c-src protein and kinase activity may prove
useful in modulating microvascular endothelial cell behaviour in vivo.
Stage and disease specific expression of vascular endothelial growth
factor and its receptors in human kidney. M. Simon', H.-J. GrOne', E.
Fuchs2, K H. Plate3, W. Risau3. 1lnstitute of Pathology, Univ. of Marburg;
2Gennan Primate Center, Gottingen; 3Max Planck Institute, Bad Nauheim.
Vascular endothelial growth factor (VEGF) is a mitogen for endothelial
cells. In vitro and in vivo experiments suggest a role for VEGF in
embryologic and tumor angiogenesis. VEGF may also modulate vascular
permeability, chemotaxis and protease activity. In fetal mouse kidney
VEGF mRNA and protein expression have been demonstrated. This
finding led to the hypothesis that VEGF might be involved in renal growth
and development. To further elucidate the role of VEGF in human kidney
VEGF expression was studied in the fetal, regular and diseased adult
human kidney. The specific tyrosine kinase receptors of VEGF: fit-I and
KDR were also examined. mRNA of these proteins was documented by
Northern blot and in situ hybridization (35S antisense and sense RNA
probes). VEGF Protein was shown by immunohistology with affinity
purified antibodies. In fetal kidney (6-24 weeks) VEGF mRNA and
protein could be colocalized in glomerular visceral epithelia and collecting
duct cells. KDR and fit-I mRNA were coexpressed in endothelia of
glomeruli starting with the capillary development in fetal glomeruli and in
peritubular capillaries in fetal and adult kidney. In renovascular atrophic
kidney a clear reduction of expression of VEGF and its receptors was
seen. In renal amyloidosis with nephrotic syndrome VEGF and receptor
expression were not clearly altered. These data support the assumption
that VEGF and its receptors may modulate renal ontogenesis. The
constitutive expression in adult kidney of this vasculotropic protein may be
required for the function of fenestrated endothelia and be modulated by
endocrine factors.
U-937 monocytes bind to and stimulate proliferation of cultured human
mesangial cells (HMC): Regulation by cytokines and vasoactive agents. P.
Mene, S. Fais, GA. Cinotti, F. Pugliese, K-H Thierauch. Div. of Nephrology,
University of Rome, Italy, and Experimental Oncology, ScheringAG, Berlin,
Germany. Leukocyte adhesion to kidney cells is frequently observed in
glomerulonephritis and other forms of renal inflammation. We examined
the mechanisms controlling in vitro monocyte adhesion to cultured HMC.
Monocytes of the U-937 cell line time-dependently and irreversibly bound
to HMC monolayers (max. 19,300 1,800/cm2 HMC monolayer), as-
sessed by cell counting, U-937 labelling with 'H-thymidine, and Titer-tek
assay of nuclear staining with crystal violet after 30-180 mm co-culture.
Adhesion to HMC proliferating in response to 17% fetal bovine serum
was increased (+ 78.3 4.7%), indicating expression of a proinfiammatory
phenotype. Adhesion of U-937, but not their conditioned media, potently
stimulated subsequent proliferation of HMC, pulsed w/ [3H]-thymidine 24
hrs after 3-hr coincubations (from 542 83 to 12,611 959 and from
2,931 201 to 20,400 1,124 cpm/well, quiescent/cycling HMC, respec-
tively, P < 0.01). E. coli lipopolysaccharide (LPS), tumor necrosis factor
(TNF) and the protein kinase C activator, phorbol myristate acetate
(PMA) potently enhanced monocyte binding, both during coincubation
and separate pretreatment of HMC (0.1 uM PMA, +200 21%). Binding
was also promoted by vasoconstrictors, such as the thromboxane A2
mimetic, U-46619 (10 nM-i uM, max. +35 3%), or 1 uM angiotensin II
(+64 4%). These agents inhibited the effects of U-937 on HMC
proliferation. To elucidate the mechanism(s) of such interaction, we
analyzed the adhesion molecules expressed by HMC, employing reverse
transcription/polymerase chain reaction to detect ICAM-I, VCAM-I and
Eselectin gene expression. Proliferating cells express VCAM-I and
ICAM-I, confirmed by 79 3% inhibition of adhesion by pretreatment of
HMC with an anti-ICAM-I monoclonal Ab. E-selectin was not detectable.
Immunostaining of fixed cells indicated stimulation of ICAM-l by LPS,
TNF and U-46619. VCAM gene expression was potentiated by LPS and
TNF. These findings underscore the importance of inflammatory / vaso-
active mediators in regulating leukocyte chemoattraction during glomer-
ular disease.
Expression and regulation of glomerular chemokines and leucocyte
influx in nephrotoxic nephritis (NTN). F. W.K Tam, J. Smith, A.M Karkar,
Y Wang, T. Yoshimura, EM. Thompson, A.J. Rees. Renal Unit & Depart-
ment of Histopathology, Royal Postgraduatc Medical School, London, UK&
Laboratory of Immunobiology, Frederick Cancer Institute, Maryland, USA.
As part of a more general study of the interactions between intrinsic
glomerular cells and leucocytes, we have investigated the kinetics of the
cellular infiltrate in accelerated NTN in rats and correlated the results with
glomerular expression of chemokines. Immunohistology and flow cytom-
etry of single cell preparations of inflamed glomeruli demonstrated
transient infiltration of neutrophils (RP3+) and sustained increase of
monocytes (EDI+) and NK cells (CD8 TCR—); there were very few T
cells present. Many of the cells were activated as demonstrated by the level
of expressed CD11b and la antigen. These results could not be explained
by differences in ICAM-l expression, so we investigated the glomerular
expression of macrophage inflammatory protein-2 (MIP-2) and monocyte
chemoattractant protein-i (MCP-l), chemokines that are specific for
neutrophils and monocytes respectively. Neither chemokine could be
detected by Northern analysis of glomerular RNA from rats immediately
before induction of nephritis. MIP-2 mRNA was readily detectable at 4
and 6 hr later, but not at 24, 48 and 96 hr, and in situ hybridization showed
a diffuse pattern as well as a few strongly positive cells. MCP-1 mRNA was
also present at 4 hr but could still be detected at 96 hr. Thus, MIP-2 and
MCP-I are regulated differentially in this model; their expression corre-
lating with the neutrophil (maximal at 6 hr, baseline by 24 hr) and
monocyte (maximal at 24 hr, persistent thereafter) influx respectively. The
correlation between glomerular neutrophil infiltration was investigated
further in the heterologous phase of NTN by applying various treatments
known to increase or decrease the severity of injury. Pretreatment with
bacterial LPS resulted in greater injury, MIP-2 expression increased 50
fold, which was associated with a change in glomerular neutrophil counts
from 1.7 0.12 to 3.5 0.46 neutrophil glomerular section (P < 0.001).
Pretreatment with IL-6, IL-I receptor antagonist, soluble IL-I receptor or
soluble TNF receptor all decreased injury and caused parallel reduction in
glomerular MIP-2 expression and neutrophil infiltration. Following each
of these pretreatments, there were only trivial changes in MCP-I expres-
sion and monocyte infiltration. In conclusion, we have used various models
in the rat to study the relation between chemokine expression and
leucocyte infiltration in glomerulonephritis; in each case MIP-2 expression
correlates with neutrophil infiltration and MCP-I with that of monocytes.
These results suggest that the chemokines are directly involved in the
pathogenesis of glomerulonephritis.
Development of the kidney response to vasopressin at the molecular
level. L.N. Ivanova, El. Solenov, MN Zelenina. Institute of Cytology &
Genetics, Novosibirs/ç Russia. It is known that at an early age mammalian
kidneys are insensitive to vasopressin (VP). Experiments carried out in
rats and mice revealed that quantitative and qualitative changes occur
along the entire adenylate cyclase pathway during the early ontogeny.
Increase in the number of VP binding sites at the preweaning period were
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found; receptor affinity did not differ significantly in both groups of
animals. The expression of Ga-protein subunit mRNA in rat renal papilla
was highest at the first days of life and at the end of weaning. At the same
time, the basal level of the GTPase activity was substantially higher in
adult animals than in young ones, and the VP produced increase in the
enzyme activity only in adults. It was observed that changes in the receptor
and catalytic activity of the cAMPdependent protein kinase have a specific
pattern with peak of activity during the neonatal period and weaning.
Changes in the pattern of proteins involved in the cAMP-dependent
phosphorylation in cytosol fraction of the papillary homogenate were
revealed. Thus, the maturation of individual components of the cellular
response to VP and their coupling into a single mechanisms lie at the basis
of the development of the kidney hormonal competence with respect to
VP.
Embryonic ureteric bud cells in primary monolayer culture express a
high-conductance K+ channel. S. Huber, M. Horster. Institute of Physiol-
ogy, University of Munich, Germany. Nephrogenesis in the metanephric
kidney is induced by interactions between the ureteric bud and the
metanephric blastenia. Pre- and postinductive mechanisms, except for the
effects of some growth factors (1), remain unknown. Specifically, the role
of selective ionic membrane conductances during this process has not been
investigated. Embryonic postinduction metanephroi were dissected from
the rat outer cortex, the anlagen were removed, the arborizing buds
explanted into culture (2), and the apical plasma membranes of epithelial
cells derived from the ampullary ends were examined by patch clamp
single channel recordings. In excised patches of the apical membrane,
K+-selective channels with a mean conductance of 114 pS and a
inwardly rectifying current/voltage relation were recorded. Initial experi-
ments suggest a Ca2-induced activation and a slight voltage dependence
of these channels (depolarization by 50 mV resulted in an increase of the
mean open probability by a factor of 2-3). The data suggest that urinary
bud cells in primary monolayer culture express a K+ channel type which
resembles that described (3) for the apical membrane of the differentiated
cortical collecting tubule.
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Expression of Kid-I, a renal transcription factor, in kidney development
and disease. R.A. Gallagher, R.A. Page, J.D. Williams*, AN. Malik. Dept of
Biochemistiy, U. W. C.C & *Institute of Nephrology, U W. C.M Cardijf Wales,
Human kidney development is a precisely controlled developmental
process which involves tissue specific gene expression. The study of genes
controlling tissue specific gene expression is likely to shed light on the
molecular mechanisms involved in renal differentiation. A putative renal
transcription factor, Kid-I was recently cloned from rat kidneys which may
be implicated in renal differentiation and repair (Witzgall et al., 1993). We
designed oligonucleotide primers to the rat Kid-i eDNA sequence and
amplified a region of Kid-i mRNA from both human and rat kidneys. In
the case of human kidneys, Kid- 1 like transcripts were detected in human
fetal kidneys of 14-17 week gestation, showing that Kid-I mRNA is
expressed during human fetal kidney development. We also examined the
expression of Kid-I mRNA in kidneys isolated from progressive stages of
renal disease from the GK rat, a model of NIDDM. In semi-quanitiative
studies, we have found that the levels of Kid-i mRNA decline in
association with the progression of the disease. These data support the
hypothesis that the Kid-i gene product may act as a modulator of target
gene expression in renal differentiation and disease.
Regulatory gene expression during human kidney maturation. H.
Hoithofer, M-L Solin, A Haltia, TMuramatsu, HRauvala, A Miettinen, Dept
Bacteriol lmmunol, Univ of Helsinki, Dept Biochemistry, Nagoya University,
and Institute of Biotechnology, Helsinki, Finland. Induction of the meta-
nephric mesenchyme by the ureteric bud starts an interactive cellular
process leading to nephrogenesis and to formation of mature nephrons.
The morphologic phenomena of differentiation are well characterized but
the inductive signals and the regulatory molecular events remain to be
determined, Here we studied the expression of several genes associated
with nephrogenesis in cortical samples from patients of various ages as
well as in cultured glomerular cells by the Northern blotting technique.
Tissue WT-i
Gene expression
WT-33 EGR-1 IGF-i IGF-BP I G F
2 MK HB-GAM
Cortex, adult — + —
Cortex, 12y — + — + — — — —
Cortex, 5y nd + — + nd + + —
Cortex, fetal — + — + + + + —
Liver, fetal nd — nd — + + + —
Cells, adult +
Cells, fetal + + —
A293 cells nd nd nd — — — + +
The results show that in human kidneys the WT mRNA:s are detectable
at low levels years after birth. MK (Midkine) and HB-GAM (heparin
binding growth associated molecule) showed distinct expression in cul-
tured adult and fetal glomerular cells and in a fetal kidney epithelial cell
line (A293), but HB-GAM was not detected in postnatal kidney. These
results provide a possibility to analyze the level of differentiation of
cultured kidney cells and the effect of various differentiation protocols.
Downregulation of PAX-2 followed by Wilms' tumor protein (WT1)
expression during early kidney development. U. W. Rothenpieler*, G.R.
Dressier; *Medisinische Poliklinik, Klinikum Innenstadt der Ludwig-Maxi-
milians-Universitat Munchen, Germany, and Laboratory of Mammalian
Genes and Development, National Institute of Child Health and Human
Development, National Institutes of Health. Bethesda. U.S.A. Pax-2 is a
member of the murine Pax (paired box containing) gene family, hitherto
known as a putative transcription factor with DNA binding capabilities,
expressed in a spatiotemporal pattern in the developing embryonic kidney
and nervous system. Pax-2 is also expressed in the epithelial components
of Wilms' tumor, an early childhood kidney tumor of embryonic origin.
Immunhistological staining of both proteins in adjacent sections of mouse
embryonic kidneys at day 13 p.c. (E13) showed onset of WT1 expression
in the same type of cells where Pax-2 expression was already downregu-
lated. The closely related spatiotemporal expression pattern of Pax-2 and
Wilms' tumor protein WTI in organ culture indicates a possible interde-
pendent functional relationship of both proteins during the critical time of
mesenchyme to epithelium conversion in early kidney development.
Glomerular labeling and ureteric bud modelization as tools for quan-
titative studies of nephrogenesis and induced nephron deficit in vitro. T.
Gilbert, C. Cibert5, E. Moreau, S. Gaonach, C. Merlet-Benichou. INSERM
U.319 and *Jnstjtut J, Monod, Université Paris 7 Denis Diderot, Paris,
France. Using rat metanephroi removed from 14 day-old fetuses and
grown for up to 6 days, we developed a glomerular labelling procedure for
the whole metanephric explant that allowed us to quantify the total
number of nephrons that were induced in this culture model. We then
showed that the presence of gentamicin (G, 50 xg/ml) in the culture
medium was sufficient to induce a significant reduction (35%) in the
number of nephrons (Gilbert et al., Lab Invest, 1994, in press). According
to nephrogenesis which requires close interactions between the dilated
tips of the ureteric bud (UB) and undifferentiated mesenchymal cells, any
modification in UB arborization or growth may reduce its ability to induce
new nephrons. To verify this hypothesis, we grew for short period of time
explanted metanephroi from the same fetus under paired conditions, i.e.
one in presence of G and the other as control. We first localized G by
immunogold labelling on LR-Gold ultrathin sections and showed that G
was present in both the UB and the metanephric blastema where it
induced typical cellular damage. Second, we labelled the branched UB
using fluorescein-coupled dolichos biflorus agglutinin. We then observed
by scanning laser confocal microscopy the branching pattern of UB. Image
analysis by segmentation was performed to reveal the UB Skeleton and its
three-dimensional organization. Further analysis was conducted to iden-
tify all divisions of the UB and their precise location. Data showed that the
UB branching pattern was significantly reduced under G exposure, which
might explain the observed nephron deficit.
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Mapping a gene for the Senior-Loken syndrome (nephronophthisis
with retinitis pigmentosa). F. Hildebrandt, B. Schnieders, M Kuhnemund,
M. Schumacher, M Wagner, I. Singh-Sawhney, M. Brandis. Familial
juvenile nephronophthisis (NPH), an autosomal recessive cystic disease of
the kidney, is the commonest genetic cause for end-stage renal failure in
children. The Senior-Loken syndrome (SLS) represents the combination
of NPH and retinitis pigmentosa. In an attempt to elucidate the molecular
pathology of these cystic renal disorders, we have used positional cloning
to map genes for the diseases, mapping a gene for NPH to chromosome
2q11.1-q21.1 (Am J Hum Genet 53:1256, 1993). In 10 NPH families with
at least 2 affected children exhibiting the typical history, physical signs and
renal histology (N = 6) of SLS, linkage analysis was performed using 169
highly polymorphic microsatellite markers. 33% of the human genome
was excluded from linkage with a gene locus for SLS by the criterion of a
lod-score < —2, excluding also the known gene locus for NPH on
chromosome 2. We conclude that there must be 2 different genes present
in the human genome that lead to identical renal pathology in NPH and
SLS. Exclusion mapping is continued for SLS to map and identify a gene
responsible for the disease.
Cloning and functional expression of an amphibian water channel,
CHIP-FA. L. Abram4 f.M. Buhler, V Berthonaud, M Simon, G. Rousselet,
F. Tacnet, P. Ripoche. Department of Cellular and Molecular Biology, C.E.A.
Saclay - 91191 Gifsur Yvette Cedex - France. Three proteins, now referred
to as the Aquaporins: CHIP28 from human red cells, Renal proximal
tubule and thin descending limb, WCH-CD from renal collecting duct and
(gamma)* -TIP from plant, were found to be water channels and belong
to a family of channel-like proteins: the MIPs, major intrinsic. A fully
sequenced cDNA encoding a new CHIP from frog urinary bladder, a
collecting duct model, has been performed using a RT-PCR cloning
strategy. A first fragment (378-hp) was obtained with degenerate primers
designed in two internal tandem repeats that appear in all known member
of the MIP family. Then anchored-PCR on frog bladder RMA was
exploited to amplify the 5' and 3' missing sequences of CHIP-PA cDNA.
The combinated sequences of the RT-PCR products contain 96-bp of the
S'translated sequence, an 816-bp open reading frame, and 30-bp of 3'
untranslated sequence. CHIP-FA corresponds to a protein of 28.9 kD and
shares 78,8%, 42,4% and 35,6% identity with rat CHIP28, WCH-CD and
-TIP, respectively. RT-PCR with specific CHIP-FA primers, at high
stringency showed the presence of the mRMA encoding for CHIP-FA in
skin, lung, gall bladder, colon, liver and oviduct of amphibian. The
function of CHIP-FA was identified and characterized by expression of
the protein in Xenopus ocytes. The osmotic water permeability was
increased by 8 fold in the range of 1.15 10-2 cm/s, was inhibited by 2 mM
pCMBS and reversed by 5mM /3-mercaptoethanol. All these results clearly
indicate that CHIP-FA, a new member of the MIP family, is a frog water
channel. Only the localisation would allow to determinate if this channel
is constitutive or ADH sensitive.
Increase in microtubule content in response to cAMP in rabbit cortical
collecting ducts. D. Maiples, M. Turner, A. Taylor, University Laboratory of
Physiology, Oxford. Vasopressin, via its second messenger, cAMP, in-
creases the water permeability of the collecting duct (CD), by inducing the
exocytic insertion of vesicles containing water channels into the apical
plasma membranes of principal cells. This process appears to involve
microtubules (MT), as it is inhibited by drugs which disrupt MTs (Phillips
ME. & Taylor A., 1989, J.Physiol. 411 529—44) or which stabilise them
(Phillips M.E. & Taylor A., 1989, J.Physiol. 417 45p). We have studied MT
distribution in electron micrographs of cortical CD. In each experiment,
two CDs were isolated consecutively (about 3 hr apart) from a kidney slice,
to be perfused with and bathed in isotonic Ringer's solution. The first CD
was exposed to a drug and the second acted as a control, or vice versa, in
alternate experiments. CDs were fixed during perfusion, then removed for
post-fixation and embedding. Silvergold sections were cut on a diamond
knife. Electron micrographs were taken and analyzed without knowledge
of the status of the tissue. Treatment with the permeant cAMP analogue
8-cpt-cAMP (100 tM) for 10 mm increased MT volume density from 0.25
0.04 (mean s.e.) to 0.46 0.09% of cytoplasmic volume (N = 6,P <
0.05). Exposure to the MT-disruptive drug nocodazole (33 M) for 30 mm
reduced MT density in the principal cells by 68± 6% (N 6, P < 0.001).
Exposure to the MT-stabilising drug, Taxol, (5 j.M) for 30 mm did not
change MT density (N = 4). These results indicate that cAMP increases
MT volume density, and that nocodazole disrupts MTs in CD principal
cells.
Expression of rat renal Na/P,-cotransport in baculovirus infected insect
cells. M. Fucentese, H. Murer, J. Biber. Institute of Physiology, University
Zurich-Irchel, 8057 Zurich. The recently cloned Na/Pi-cotransport system
NaPi-2 is a protein expressed in the apical membrane of rat proximal
tubular cells and thus involved in proximal reabsorption of phosphate. To
make the NaPi-2 protein available for further functional/structural studies,
this transport system has been expressed in Sf9 insects cells using a
recombinant baculovirus. Sf9 cells infected with this recombinant baculo-
virus expressed fully functional Na-dependent transport of phosphate with
a rate 50-fold higher compared to non-infected cells. Transport of
phosphate in infected cells was highly dependent on the presence of
sodium, exibited a Km for P, of 0.16 mM and an apparent K,,, for Na of 40
mM (Hill coefficient 2) and was stimulated by an alkaline external
pH-value. Infected cells expressed a polypeptide of 65 kDa representing a
non-glycosylated form of the 85 kDa mature NaPj-2 transporter as present
in proximal tubular brush-border membranes. By confocal microscopy
expression of NaPi-2 protein was observed in the plasma membrane, yet
submembranous accumulation of NaPi-2 protein could not be excluded.
We conclude that the rat proximal tubular Na/P1-cotransport system NaPi2
can be functionally expressed in Sf9 cells with similar kinetic characteris-
tics as observed in proximal tubular apical membranes. In addition,
transport data suggest that N-glycosylation of the NaPi-2 protein is not
important for Na/P-cotransport.
Expression of Na-dependent transport systems of sulfate and phos.
phate at the mRNA/proteln level in rat kidney. M. Custer, M. Lotscher, B.
Kaissling, J. Biber, H. Murer. Institute of Physiology and Anatomy, University
of Zurich, CH-8057 Zurich. By expression cloning we recently have
identified a Na-dependent transport system for sulfate (NaSi-1) and
another one for phosphate (NaPi-2) of rat kidney cortex. To establish the
sites of expression of the corresponding mRNA's along the nephron,
RT-PCR was performed with microdissected nephron segments. In the
case of NaPi-2, protein expression was also studied by immunohistochem-
istly. Expression of NaSi-1 and NaPi-2 related mRNA was found in all
segments of superficial and deep proximal tubules. In addition, expression
of NaSi-1 as well as NaPi-2 mRNA was also detected in cortical and
papillar collecting ducts. Compared to proximal tubules, in collecting
ducts expression of NaSi-1 mRNA was similar whereas expression of
NaPi-2 mRNA was much less. By immunohistochemistry, expression of
the NaPi-2 protein was found to be restricted to the apical membrane of
proximal tubular cells; with highest density in pars convoluta of deep
nephrons. By immuno-electron microscopy, NaPi-2 protein was found to
be uniformly distributed along the microvilli and was also detected in
intracellular membrane structures, likely to belonging to the endocytic
apparatus. By immunohistochemistry, no evidence for NaPi-2 protein
expression in collecting ducts was obtained. The results document that the
cloned transport systems NaSi-1 and NaPi-2 are both expressed in
proximal tubules and therefore likely represent (apical) transporters
involved in proximal reabsorption of sulfate and phosphate. The detection
by RT-PCR of NaSi-1 and NaPi-2 related mRNA's in collecting ducts is
explained either by expression of illegitimate mRNA's or by the presence
of mRNA species similar to NaSi-1 and NaPi-2 of yet unknown identities.
Electrogenic cotransport of Na+, sulfate (S1) and phosphate (P1) in
xenopus oocytes expressing the cloned transport proteins NaSI-l and
NaPi-2. A.E. Busch, S. Waldegger1, T. Herzer', G. Hayes2, J. Biber2, D.
Markovich2, H. Murer2, F. Lang1. Institutes of Physiology of the Eberhard-
Karls-University Tubingen' and the University of Zurich2. The Na+/S1 and
Na+/P1 cotransporter (NaSi-1 and NaPi-2) cloned from rat kidney cortex
have each been expressed in oocytes of Xenopus laevis and subjected to
electrophysiological analysis by current and voltage clamp methods. In the
respective current clamped oocytes superfusion with SI and P, resulted in
a depolarization of the cell membrane. Accordingly, in voltage clamped
oocytes S. and P, induced inward currents Is and I, respectively. I and I
were depending on both Na+ and the respective substrate concentration
(S or P1) in the superfusate. Halfmaximal I was observed at about 0.1 mM
sulpnate and 70 mM Na+, while halfmaximal I, was recorded at 0.3 mM
P and about 60 mM Na+. The Hill coefficients were 1 for S and P and
3 for Na+. I was reduced by lowering the pH which can mainly be
explained by a reduced Na+-affinity. In contrast, Is was not affected by
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pH-alterations. Finally, both I and I, were depending on the holding
potential, being larger at more negative potentials. We conclude that
Na+-coupled S1 and phosphate transport are electrogenic, with a stoichi-
ometry of I for Na+ and 3 for the respective substrates S1 and P1.
Molecular aspects of Na/P1 transport in winter flounder. A. Werner,
R.KH. Kinne. Max-Planck-Institute for Molecular Physiology, Rheinland-
damm 201, D-44139 Dortmund. The cloning of several mammalian Na/P1
cotransport systems opened the possibility to address and answer a variety
of questions concerning renal handling of inorganic phosphate (P). The
transport systems belong to two different families of proteins, NaPi-I and
NaPi-Il. The physiological role of NaPi-I is still unclear; NaPi-Il seems to
be responsible for P1 reabsorption from the primary urine and has been
shown to be involved in adaptation to low P-levels in the diet. The
expression of NaPi-Il niRNA is mostly restricted to renal tissue. We report
the cloning of two members of the NaPi-Il protein family from winter
flounder (Pseudopleuronectes americanus). Both have been expressed in
Xenopus laevis oocytes. The first one derives from kidney tubules and
shows similar kinetic characteristics (apparent affinities for P, and Na,
pH-dependency) to the ones reported for the mammalian NaPi-lI. On the
level of primary structure renal NaPi-il from flounder shows a homology
of 52% (66% similarity) to the rat NaPi-Il. However, in the transmem-
brane spanning regions the homology increases to 79% (92%). The
functional similarity combined with the structural heterogeneity of the
NaPi-il transporters provide an excellent model to identify molecular
structures involved in Na/Pi transport. The second NaPi-Il protein derives
from flounder intestine and has been homology-cloned using a flounder
renal NaPi-LI-probe. Preliminary data from kinetic analysis indicate that
binding properties for P, as well as pH-dependency are similar to the ones
measured for the renal system. The apparent affinity for Na seems to be
increased (Km of -20 mM compared to 42 7 mM for the renal NaPi-Il).
The reported cloning and characterization of two Na/P1 cotransport
systems from flounder kidney and intestine provides the tools to address
questions regarding (i) renal handling of P1 in relation to other organs
involved in P homeostasis and (ii) aspects of evolution and development
of renal Na/P cotransport.
Differences in sensitivity of Na/PI uptake to camp generating agents by
cells originating from convoluted (PCT) and straight (PST) portions of
proximal tubule. A. Hoppe, A. Rybczynska. Department of Clinical Bio-
chemistiy, Medical Academy, Gdansk We have previously shown that
either respiratory alkalosis or short term phosphate deprivation induces in
rats resistance to the phosphaturic effect of PTH. This defect is: a)
localised exclusively in PST b) lies beyond the c-AMP formation and c)
may be prevented by a 13- and 132-antagonists. In search of peculiarity of
PTH action on PST we preliminarily examined effects of PTH, IBMX
(phosphodiesterase inhibitor) and fenoterol (FNL, selective /32 agonist)—
known to activate adenylate cyclase—on Na-dependent Pi uptake by PST
as compared to PCT cells. Fenoterol was used in high (50 LM) concen-
tration.
Cells
origin
(-)IBMX
-
(+)IBMX
PTH FNL PTH+FNL PTH FNL PTH+FNL
Na-dependent [32p] uptake, % of control
PST —23 —20 —22 —20 —16 —17
PCT —44 —40 —41 20* 33
* P < 0.05 (+)IBMX vs (—)IBMX
The results seems to indicate that in PST cells (as compared to PCT) there
is a component of PTH - or fenoterol inhibitable Na - dependent Pi uptake
which is insensitive to IBMX.
Lipid peroxidation inhibits Na-K-ATPase activity in proximal tubular
cell of frog kidney. D. Cemerikic, S. Petrovic. Dept. of Pathol. Physiol., Med.
Fac., Beograd. Intracellular activities of Na and K were measured in
proximal tubule of isolated double perfused frog kidney during 1-3 hours
of perfusion with iO mol/l cumene hydroperoxide Ringer. Intracellular
ion activities were measured with single and double barrelled ion selective
microelectrodes using Fluka Na and K selective liquid ion exchangers.
Under control conditions at peritubular membrane potential of —67.4
1.34 mV intracellular Na activity was 10.9 0.50 mmol/l while intracel-
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lular K activity was 66.3 2.13 mmol/l. Perfusion of i0 mol/1 cumene
hydroperoxide Ringer for 1-3 hours depolarized peritubular membrane
potential to —26.1 2.87 mV, increased intracellular Na activity to 57.8
15.0 mmol/l and decreased intracellular K activity to 33.0 3.99
mmol/l. Thus lipid peroxidation in proximal tubular cell of frog kidney
inhibits Na-K-ATPase activity.
Transepithelial secretion of PAM in the proximal tubule of the kidney
and the role of a-ketoglutarate. S. Ensminger, H.P. Kerling, M Gekle, S.
Silbernagi. Dept. of Physiology, Univ. of Wurzburg, 97070 Wurzburg, Ger-
many. We investigated transepithelial secretion of para-aminohippurate(PAH) and the influence of a-ketoglutarate (a-KG) on PAH-secretion. As
a model system we used the non-filtering amphibian kidney, where only
the portal veins are perfused. Thus, PAH reaches only the peritubular but
not the glomerular capillaries. We measured peritubular uptake (PU),
tissue accumulation (TA) and urinary excretion (UE) of PAR. All values
are given SEM [tmol/(2h x g)]. Under control conditions when PAR
= 100 M, PU was 1.98 0.44, TA was 0.26 0.04 and UE was 0,04
0.02. Increasing PAR to 600 M elevated PU to 193%, TA to 220% and
UE to 1200% of control. We also found that the amount of a metabolite
of PAH, most probably N-Acetyl-PAH, in the tissue was 5 to 8 times
higher than that of non-metabolized PAH. a-KG [600 .LM] stimulated PU
up to 195% and UE up to 555% of control when the PAR-concentration
was 100 ILM. When the PAH-concentration was 600 M a-KG stimulated
TA (251%) and UE (245%) but there was no effect on PU. From our
results we conclude (i) that PU is saturated at lower concentrations of
PAH as compared to secretion across the luminal membrane. (ii) a-KG
stimulates both, PU and secretion of PAH across the luminal membrane.
(iii) Furthermore the major part of PAR, taken up across the peritubular
membrane, seems to be metabolized and thus excretion may mainly occur
in the metabolized form in the amphibian kidney.
Effect of barium on sodium reabsorption in perfused loops of Henle: Is
the pars recta involved? R.J. Unwin, S.f. Walter, D. G. Shirley. University
College London Medical School and Charing Cross & Westminster Medical
School. London. UK If recycling of potassium across the luminal mem-
brane of the thick ascending limb of Henle is essential for the normal
functioning of the NaK2CL co-transporter, blockade of the potassium
channels with barium (Ba) would be expected to reduce sodium reabsorp-
tion (JN). We found that Na was indeed reduced when ioops of Henle of
anaesthetized rats were perfused (20 nI/mm) with solutions containing Ba
(5mM). However, water reabsorption (J) was also reduced (see Table),
suggesting a possible effect on the pars recta of the proximal tubule. We
therefore perfused loops with a low-sodium solution (104mM; isotonicity
maintained with mannitol), designed to minimize reabsorption in the pars
recta (McKay & Peterson, 1993, Am J Physiol 264, F792—799). With this
perfusate, JNa and Jv were much reduced, while residual JNa was virtually
abolished by addition of bumetanide, predictable consequences of inhib-
ited proximal reabsorption.
Control Low Na Low Na
Control +BA Low Na +BUM +BA
Na 1.88 0.04 1.32 0.04 0.86 0.04 0.10 0.04 0.70 0.04
nmol/
mm
i nI/mm 6.52±0.28 4.80 0.29 2.83 0.21 1.48 0.22 2.35 0.23
Means SE. N = 19—33. BUM = bumetanide (106 M).
In this situation, Ba had only a small effect on NA, suggesting that a
substantial component of its effect when present in the control perfusate
may be of proximal origin.
Ultrastructure and water transport in LLC-PK1 cells grown as sphe-
roids. K-f. Andersen1, S. Nielsen3, H. Vik2, E. I. Christensen3, 1Med. Dept.
A and 2lnst. Diagnostic RadioL, Univ. Bergen, Haukeland Hospital, Bergen,
Notway, and 3Dept. Cell Biol., Inst Anatomy, Univ. Aarhus, Aarhus,
Denmark LLC-PK1 (proximal tubuli) cells started to form multicellular
spheroids within 24 hours in a serum containing medium and within 2—3
days in a chemically defined medium, when grown in culture flasks
previously basecoated with agar (0.75%). The spheroids, Average diam.
100—350 sm, were free-floating and showed a butterfly-like structure due
664 Abstracts
to the formation of several hollow spheres. The spheres were lined with
polarized epithelial cells which had an abundance of microvilli protruding
into the external medium, and a well developed vacuolar apparatus
including coated pits, endocytotic vacuoles and lysosomes. The spheres,
which were sealed between lumen and the surrounding medium by tight
junctions, were found to fluctuate in size due to fluid being transported in
an apical to basal direction. The addition of ouabain and diuretics
inhibited spheroid growth and fluctuation in size with time. LLC-PK1
spheroids represent a biological system of intermediate complexity be-
tween renal tissue in vivo and simple monolayer cultures, providing a tool
for studying renal physiological mechanisms in general, including water
and solute transport, and also provide an excellent model for studying the
potential nephrotoxicity of drugs and chemicals.
Subcellular localization and acid-base regulation of PEPCK in glu-
coneogenic substrains of renal cell lines. G. Gstraunthaler, T Holcomb
and N.P. Curthoys, University of Innsbniclç Austria, and Colorado State
University, Fort Collins, CO, USA. The two gluconeogenic substrains of
renal epithelial cells, LLC-PK1-FBPase and OKGNG, have been shown
to differ markedly in their metabolism of lactate (LAC) and pyruvate
(PYR) (Cell. Physiol. Biochem. 3:78—88, 1993). OKGNo cells consumed
LAC at much higher rates than LLC-PK1-FBPase cultures. In contrast,
PYR consumption rates by LLC-PK1-FBPase cells were linear over time,
without considerable LAC production. To further delineate these differ-
ences, specific metabolic inhibitors were applied: 3-mercaptopicolinic acid
(3-MPA) as inhibitor of phosphoenolpyruvate carboxykinase (PEPCK),
and (aminooxy)acetate (AOA) as inhibitor of transamination reactions.
3MPA inhibited LAC and PYR consumption, as well as growth of both
cell strains. LAC consumption of OKGNG cells was significantly inhibited
by AOA, but PYR consumption by LLC-PK1-FBPase cells was slightly
stimulated. Growth of 0KoNG cultures, however, could be achieved on
LAC in the presence of AOA. From these results it was concluded that the
cell strains might differ in the subcellular distribution of PEPCK. LLC-
PK1-FBPase cells may express both, mitochondrial and cytosolic
PEPCK, whereas OKGNG cells express only the mitochondrial isoen-
zyme. This was tested by directly assaying PEPCK activity in subcellular
fractions of the cells. In 0KGNG cells PEPCK activity was found
predominantly (<75%) in the mitochondrial fraction, however, in LLC-
PK-FBPase cells twothirds of PEPCK activity were found in the cytosol.
In LLC-PK1-FBPase cells PEPCK activity increased upon growth in
acidic culture medium (pH 6.9) for 20 hours compared to controls (pH
7.4), in contrast to the PEPCK activity in OKGNG cells. Northern blot
analysis of PEPCK mRNA expression using cDNA probes of the mito-
chondrial and cytosolic isoenzymes confirmed the biochemical data. In
LLC-PK1-FBPase cells strong expression of cytosolic PEPCK mRNA
was observed, whereas in 0KGNG cells only very low levels could be
detected. Both cell strains expressed reasonable amounts of mitochondrial
PEPCK mRNA. The level of the cytosolic PEPCK mRNA again was
increased by growth of LLC-PK1-FEPase cells in acidic medium, but the
levels of the mitochondrial PEPCK mRNA were unaffected in either cell
line. Thus, the two cell strains should constitute effective model systems to
test for the metabolic functions and regulation of the two forms of
PEPCK.
Renal glutaminase adaptation in protein deprived rats. A. Lardner, D.J.
O'Donovan, Physiology Department, University College, Galway, Ireland.
Renal phosphate-dependent glutaminase (PDG) plays a key role in renal
aminoniagenesis in the acidic rat. Acidosis also decreases hepatic ureagen-
esis. In these experiments metabolic acidosis was superimposed on rats
which reduced ureagenesis. Female Sprague-Dawley rats were acclima-
tised to metabolic cages and were then offered 20 g of a protein-free diet
daily. In addition to a reduction in body weight and kidney weight, there
was a 30% decrease in the activity of renal PDG. The rats were then
subdivided into a number of groups and were given valying amounts of
ammonium chloride (NH4CI) for different periods of time. Addition of
NH4CI to the drinking fluid or given intragastrically returned the PDG
activity to the control value, or above it,depending on the level and
duration of NH4CI. Ingestion of 3 mmol NH4CI daily for 10 days returned
the PDG to the control value, while 7 mmol NH4C1 daily for 4 days raised
the PDG by 75% above the control value. These data indicate that while
renal PDG activity correlates with hepatic urea synthesis, the enzyme is
much more sensitive to adaptation in acidosis when hepatic urea synthesis
is reduced.
Administration of organic osmolytes after chronic diuresis does not
accelerate recovery of urine concentrating ability or renal organic Os.
molytes. F.X. Beck, M. Sone*, A. Ohno, A. DOge, K Thurau. Physiologi-
sches Institut der Univ., Munchen; *To/,yo Women's Medical College, Tokyo.
After chronic diuresis maximum urine concentration cannot be achieved
for several days. Both urinary concentrating ability and medullary organic
osmolyte (00) concentration recover in parallel, but only slowly, after
cessation of chronic administration of loop diuretics. The aim of this study
was to clarify whether the recovery of the urine concentrating ability and
medullaiy o0s is limited by plasma oO concentration. Urine composition
and o0s in different kidney zones were determined in: control rats,
animals given furosemide (F) continuously for 6 days s.c. via osmotic
minipumps (5 mg/kg body wtlh), rats infused with the AVP analogue
dDAVP (40 ng/kg body wtfh) for either 24 or 72 h after chronic F
treatment and rats given dDAVP together with betaine, inositol, and
choline for either 24 or 72 h after chronic F treatment. o0s (glycerophos-
phoiylcholine, betaine, myo-inositol and sorbitol) were measured by
HPLC using a Sugar Pak I column. After 6 days F, the sum of o0s at the
papilla tip fell from 1023 73 to 276 29 mmol/kg protein (MW SEM)
and urine osmolality (Uosm) from 3182 151 to 347 10 mosmfkg.
Continuous administration of dDAVP raised urine Uosm to 1265 127
and 2485 186 mosm/kg after 24 and 72 h, oO contents in the papilla tip
to 557 88 and 1192 102 mmol/kg protein. Coadministration of
dDAVP with betaine, inositol, and choline neither accelerated recovery of
urine concentrating ability (Uosm 1152 81 and 2614 199 Mo mosm/kg
after 24 and 72 h) nor papillary oO content (619 96 and 1216 20
mmol/kg protein). These data indicate that availability of o0s (betaine,
inositol) or the betaine and glycerophosphorylcholine precursor choline
does not limit the recovery of urine concentrating ability and medullary
accumulation of o0s after chronic diuresis.
Organic osmolytes (00) and salt adaptation in teleost fish gila atraria.
W.G. Guder*, D.K Shiozawa**, C. Westenftlder, G. Moeckel, Ti. Chen*,
R.L. Baranowski, C. Kablitz. Div. of Nephrology, Univ. of Utah and VA Med.
Ctr., Salt Lake City; *Inst. f Kim. Chem., KH Bogenhausen, Munich,
Germany; **Dept. of Zoology, Brigham Young Univ., Provo, Utah. We
demonstrated previously that Gila Artraria, a salt tolerant fish "uses"
atrial natriuretic peptide (ANP) to adapt to different salinities. We asked
in this study, whether a gradual (over 2 weeks) increase in tank salinity
from fresh water to 1,35% NaCI would induce 00 concentrations in
various organs. Six control (C) fish remained in fresh water, and six weight
matched fish were adapted to high salinity (HS). Using HPLC, inositol
(INO), glycerophosphoryicholine (GPC), betaine (BET) and taurine(TAU) were determined in snap-frozen tissues. Data from HS animals
were only depicted when significantly different (*pc < 0.05).
[mmol/kg prot.] gills kidney colon brain liver muscle
INO C
HS
8,5
*253
21,8
*54,5
9,3
*28,8
48,0
*115,6
0,0
ns
1,5
ns
GPC C 33,5 15,7 12,8 24,0 38,5 13,1
BET C
HS
22,2
ns
34,7
ns
35,0
ns
21,4
ns
47,3
ns
46,4
*150
TAU C 121,2 160,8 160,5 179,9 126,7 214.9
These data show that: 1) there were organ specific concentration profiles
for all tested OOs. Sorbitol was not detectable, and INO was absent from
liver tissue. TAU concentrations were the highest in all tissues. 2) HS fish
showed a significant, 2 to 3 fold increase in INO concentrations in gills,
kidney, colon and brain. Muscle BET concentrations fell significantly.
GPC and TAU levels remained unaltered. In conclusion our observations
demonstrate that piscine, like mammalian, osmoregulation depends on
intrinsic, cellular adaptations in 00 concentrations and on hormonal
responses (e.g. ANP) regulating external water and salt balance.
The effect of aspirin, salicylic and salicyluric acids on renal ammo-
niagenesis. V. Spustova, Z. Krivosikova, R. Dzurik Institute of Preventive
and Clinical Medicine, Bratislava. Aspirin, a potent antiplatelet agent is
widely used for prevention of atherothrombotic diseases, among others
also in nephrotic patients. The main urinary excreted metabolites are
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salicylic acid (2 hydroxybenzoic acid) and salicyluric acid (2 hydroxyhip-
puric acid). Salicylates possess similar structure with hippurate (benzoyl-
glycine), which is physiological stimulator of brush border enzyme gamma-
glutamyltransferase. Therefore the effect of salicylates on renal
ammoniagenesis was studied. Rat kidney cortex slices were incubated in
Ringer bicarbonate medium at pH 7.4 containing 5.10—s mol/l glutamine
in an atmosphere of 0.95/0.05 02/C02 1 h at 37°C. The effect of each
salicylate was tested at concentration 5.10—s mol/l. Ammonia production
expressed in j.tmol/g tissue weight/h was determined in the incubation
medium. Acetylsalicylic acid and salicylic acid had no effect on renal
ammoniagenesis, but salicyluric acid stimulated ammonia production to
the same extent as hippurate. It can be concluded, that gamma-glutamyl-
transferase is modulated not only by hippuric acid, but also by other
hippurate analogues. Aspirin administration could augment ammonia
excretion and enhance renal glutamine extraction.
Muscarinic agonists stimulate phoshoinositide metabolism in rat renal
proximal tubules. R.M. Rajerison, P. Meneton, M Bloch-Faure. Laboratoire
de physiologie Cellulaire, College de France, Paris V, France. It has been
established that acetylcholine infusion into renal artery of animals induces
natriuresis and diuresis. Though there is a controversy regarding the
cholinergic innervation in the mammalian kidney, cholinergic receptors of
the muscarinic type have been detected in crude membrane homogenates
of dog kidney cortex and in isolated cells of rabbit inner medullary
collecting ducts, suggesting a direct action of acetyicholine on renal tubule
cells. We developed a micromethod to study phosphoinositide turnover in
freshly isolated tubules that allowed accurate and reproducible determi-
nation of 3H-inositol phosphate (IP) production in only about 1 mm of
myo-3H-inositol prelabeled tubules. We found that, in proximal tubules
which we obtained without collagenase by simply sieving minced rat renal
cortex, acetylcholine and carbachol increased IP in a time- and dose-
dependent manner. EC50 values were 106 M and 2 X iO M for
acetylcholine and carbachol respectively and maximal IP increases elicited
by both agonists were comparable (4.2 1.3 times the basal value, mean
SEM, N = 6). In the same series of experiments, i0 M noradrenaline(an agonist known to stimulate IP production in rat proximal tubules)
induced a 10.5 1.9 time increase of IP. These results suggest that
muscarinic agonists would modulate rat proximal tubule function via
activation of phosphoinositide turnover.
Cathepsin S in the rat kidney. H. Schmid', S. Utermann', L. Lam-
bacher1, H. Kirschke2, Institute of Pathology, University of Tubingen' and
Institute of Physiological Chemistry, University of Halle' FRG. Cathepsin S
(EC 3.4.22.27), a cysteine proteinase, is expressed in the rat kidney.
However, its physiological function is not yet known. In the lysosomes, it
is colocalized with cathepsins B and L which exhibit highest intranephro-
nal activities in the proximal tubules. The catalytic activity of these three
cysteine proteinases is determined by a common substrate, Z-Phe-Arg-
NMec. In order to compare the catalytic activities of these enzymes
directly, specific reaction conditions were elaborated for differentiation
between them in rat kidney homogenate. These include 500 mo/1 of the
substrate, i.e. nearly saturation conditions, 4 mmol/l dithiothreitol, 4
mmol/l EDTA, and pH values between 4.5 and 7.5. Inhibition of cathepsin
L by 0.5 mol/l Z-Phe-Phe-CHN2 in addition to inhibition of cathepsin B
by 3 mol/l urea resulted in 90—100 % inhibition of substrate hydrolysis.
This corresponds to 100% inhibition by the cysteine proteinase inhibitor
E-64 and negligible inhibition by the serine proteinase inhibitors aproti-
nine and PMSF. Cathepsin L activity was maximal at pH 4.5—6.0. The
residual activity was maximal at pH 6.0—7.5 and may thus be attributed to
cathepsins B and S. These findings were confirmed by the determination
of Km values. At pH 5.0 and 7.5, the total activity of the three enzymes in
the renal medulla amounted to 33% and 20% of that in the cortex. From
the finding that the enzymes, except cathepsin S, are extremely unstable at
pH 7.5 and 37°C, it is suggested that the catalytic activity detected at pH
7.5 consists of approximately 95% cathepsin B and 5% cathepsin S.
SV4O large-T oncogene negatively controls 92- and 72-kDa type-IN
collagenases secreted by kidney collecting tubule principal cells. R.
Piedagne4 G. Mu?phy, P.M. Ronco, B. Lelongt. INSERM U64, Hapital
Tenon, Paris, France and Strangeways Research Laboratoiy, Cambridge, UK
The effects of temperature-sensitive SV4O-specific large-T oncogene were
analyzed in a renal epithelial cell line derived from principal cells of the
collecting tubule (Prié et al., J. Cell Biol. 1991, 113, 951). At the
nonpermissive temperature (39.5°C), zymography of conditioned media
on 10% polyacrylamide SDS gelatin gels revealed two major zones of iysis
at 68- and 90-kDa. Both the 68- and 90-kDa enzymes could be classified
as metalloproteinases on the basis of their activation by APMA, their
inhibitor profile and Ca2+ requirement; they also showed lytic activity for
type-IV collagen. The 68-kDa enzyme corresponds to the 72-kDa colla-
genase/gelatinase A as it reacts by ELISA and Western blotting with a
sheep anti-human gelatinase A antibody; it is predominantly expressed in
the collecting tubule on rabbit kidney sections. Functional expression of
large-T oncogene at 33°C substantially reduced the ability of conditioned
media to digest 14C acetylated gelatin, due to marked decrease in the
68-kDa collagenase and absence of the 90-kDa collagenase by zymogra-
phy. These alterations were associated with dramatic reduction of the
68-kDa collagenase antigen (ELISA and Western blotting). Expression of
the 90-kDa collagenase at 33°C could be induced by a 16-hour incubation
with EGF (15 ng/ml), but not with IL-i, TNF-cs, TGF-/3, AVP and PMA
at maximal concentrations. Induction of the 90-kDa collagenase and
increased expression of the 68kDa collagenase upon shifting the cells to
39.5°C were markedly blunted by cell reinfection with the wild-type SV4O
strain LP, thus confirming that the alterations observed were due to the
functional status of SV4O large-T oncogene. This work thus establishes
that distal-tubule principal cells produce type-IV collagenases both in vitro
and in vivo, the function of which is yet unknown; it also reports a novel
unexpected property of large-T oncogene, i.e. negative control of 68- and
90-kDa collagenases upon activation in epithelial cells with a high level of
differentiation.
Epidermal growih factor (EGF) and transforming growth factor
(TGF)-!3 influence expression of neutral endopeptldase (NEP) in cultured
vascular smooth muscle cells (SMC) from the rabbit renal codex. A.
Stefanski, P.L. Tharaux, S. Vandermeersch, J.C. Dussaule, and R. Ardaillou.
INSERM 64, Paris, France. We previously demonstrated that NEP was
present in VSMC and that NEP activity was increased in the absence of
fetal calf serum (FCS) in the incubation medium. The inhibitory influence
of serum occurred at a pretranslational stage (Am. J. Physiol. 1993,
264:F45—F52). The aim of the present study was to identify the responsible
factors and first to examine the effects of two growth factors TGF-13 and
EGF. We confirmed that NEP activity measured by hydrolysis of a
synthetic substrate was present in intact VSMC cultured with 10% FCS
and increased by 50% in quiescent cells deprived of FCS during 3—4 days.
EGF mimicked the effect of FCS on NEP expression since EGF treatment
of cells cultured in a serum-free medium inhibited NEP activity in a dose
(1—10 ng/ml)- and time (1—3 days)-dependent fashion. The effect of a 3 day
exposure of VSMC to 10 ng/ml EGF on NEP activity (1357 58 vs 2273
108 pmol/min/mg; P < 0.001)was not different from that of serum (1542
35 pmol/min/mg). NEP expression at the cell surface estimated by
sorting of immunostained cells was also decreased by 50% in the presence
of 10 ng/ml EGF. In contrast, TGF-13 (10 ng/ml) stimulated NEP activity
after a 3 day treatment of VSMC (3862 126 pmol/min/mg; P < 0.001)
and slightly increased (+25%) NEP expression. This study shows that
growth factors modulate in different ways NEP expression in VSMC. EGF
is one of the candidates which could be responsible for the inhibitory effect
of serum.
Increased 1,25(OH)2D3 receptor level in long-term experimental ure-
mia. Correlation with biological response to 1,25(OH)2D3. A. Szabo, K
Gyulay, H. Schmidt-Gayk; E. Ritz, H. Reichel, 2nd. Dept. of Paediatries
Semmeiweis Univ. Budapest Div. Nephrol., Univ. Heidelberg. Previous
studies have shown that i,25(OH)2D3 binding capacity (vitamin D recep-
tor,VDR) in intestinal mucosa of 5/6 nephrectomized rats (Nx) was
elevated in comparison to sham-operated control animals (control) when
animals were studied 6—8 days after Nx. The aim of this study was to
clarify of whether these changes were sustained in more long-term uremia.
VDR protein was measured as [3H]-1,25(OH)2D3 binding capacity in
chromatin extracts of intestinal mucosa in the presence of protease
inhibitors (PMSF/aprotinin). VDR protein in mucosa of long-term
azotemic rats (14 weeks after Nx, serum creatinine 1.06 0,05 mg/dl) was
320 89 fmol/mg protein (mean SEM, N = 3 independent experi-
ments). VDR protein in control was significantly lower (230 6.5 P <
0.05). As compared to control, long-term Nx rats had significantly
decreased serum concentrations of calcium (2.38 0.09 mmol/l vs 2.52
0.08, P > 0.01), phosphate (2.22 0.06 mmol/1 vs 2.47 11, P < 0.01) and
1,25(OH)2D3 (36.7 2.3 pg/mI vs 54.2 6.2, P < 0.01). Induction of
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25(OH)D3-24-hydroxylase activity before and 6 hr after injection of l.tg
1,25(OH)2D3 was studied in intestinal mucosa of long-term Nx and
control. 24-Hydroxylase activity was undetectable in untreated Nx and
controls, but 24-hydroxylase was induced by 1,25(OH)2D3 in both groups.
Production of 24,25(OH)2D3 was significantly higher in Nx than in control
(1.39 0.19 pmole/mg protein/20 mm vs 1.05 0.21, N = 5, P < 0.05).
Taken together, increased 1,25(OH)2D3 binding capacity in intestinal
mucosa (as compared to sham-Op controls) was maintained in long-term
experimental uremia. With respect to induction of 24hydroxylase activity,
the difference in VDR protein was functionally relevant, at least after a
single injection of 1,25(OH)2D3.
Somatostatin (ST) increases intracellular cyclic GMP synthesis in
cultured rat and human mesangial cells (MC). C. Garcia-Escribano, M.L.
Diez-Marques, G. Torrecillas, M Rodriguez-Puyol, D. RodriguezPuyol*.
Department of Physiology-Pharmacology and *Medicine. Alcala de Henares
University. Spain. Previous studies of our group demonstrated that ST
relaxes cultured rat and human mesangial cells (Mc), but the cellular
mechanisms responsible for this effect have not been completely identi-
fied. Present experiments were designed to analyze the possible role of
cGMP as the intracellular system mediating the ST.dependent relaxation.
Intracellular cGMP was measured for radioimmunoassay in rat and
human MC incubated with ST 1 /SM. In both kind cells, ST stimulated
cGMP production (Rat MC, C: 70 8; C + ST: 173 20. Human MC,
C: 39.5 9; C + ST: 73± 14 fmol/mg protein). In rats, this effect was
dose-dependent, with a maximal stimulation at lOOnM-1 /.tM (C: 89 9;
0mM: 112 20; mM: 153 29* ;lOnM:170 31* ;lOOnM:253 3Q*
;1,LM:184 25* fmol/mg). After subcellular fractionation, the effect of ST
on the activity of particulate guanylate cyclase was determined. This
activity increased by about 5 fold in rat MC and 3 fold in human MC.
These results support a role for cGMP as the intracellular messenger
responsible for the relaxing ST effect in MC. The increased cGMP would
be the consequence of a particulate guanylate cyclase activation.
Endocrine function of the ischaemic kidney. F. Kokot, A. Wlece/c, A.
Heidland, H. Schmidt-Gay/c, M. Kuczera, M Kiersztejn. Department of
Nephrology Silesian University School of Medicine Katowice, Poland, and
University of Wurzburg, and Biochemical Laboratory Heidelberg, Germany.
The present study aimed to assess the influence of unilateral renal artery
stenosis (URAS) on plasma renin activity (PRA- ng/mllh) and plasma
levels of atrial natriuretic peptide (ANP - pg/ml), erythropoieLin (EPO
mU/ml), noradrenaline (NA - pg/ml), adrenaline (A -pg/mI), dopamine (D
-pg/mi), vasopressin (AVP- pg/mI) and 1,25(OH)2D3 (ng/l) in renal venus
blood. In 16 patients with URAS blood samples were withdrawn from
renal veins of the ischaemic (1K) and normal kidney (NK), from an artery
(ART) and from the inferior vena cava (VCI) below the orifices of renal
veins. As can be seen in the table (X SEM) kidney hypoperfusion is
characterized by significantly elevated plasma levels of PRA (P < 0.001),
ANP (P < 0.005), NA (P < 0.002) and A (P < 0.01) and reduced level of
D (P < 0.001) and 1,25(OH)2D3 (P < 0.05) as compared with respective
values of NK. In patients with URAS plasma EPO and AVP levels were
similar in renal vein blood of the 1K and NK respectively.
1K NK ART VCI
PRA 15.5 2.9 7.9 1.7 11.9 2.3 9.3 1.7
ANP 139 16 87 9 131 11 108 12
EPO 15.9 1.8 16.0 1.4 17.5 2.0 15.8 1.3
NA 396.3 72.5 277.2 55.6 192.9 29.1 182.6 26.8
A 661.9 187.7 123.4 16.0 68.4 8.4 67,7 7.5
D 14.2 2.1 27.9 4.9 16.1 1.9 16.2 1.8
AVP 4.8 0.9 5.1 0.8 7.6 1.4 9.6 1.6
1,25(OH)2D3 40.0 2.21 39.7 1.97 46.3 3.17 42.1 2.33
Conclusion: Chronic hypoperfusion of the kidney is characterized by
significant lateralization of its endocrine function and handling of peptide
hormones.
Effects of endothelin.1 (ET-1) and L-arginine (L-Arg) on renal function
in man. A.,!. Rabelin/c, J.A. Bijlsma, E. Stroes, HA. Koomans. University
Hospital Utrecht. The Netherlands. Introduction: We recently demonstrated
profound renal vasoconstriction and antinatriuresis of pathophysiological
dosages of ET-1 in man. In isolated conduit and larger resistance arteries,
NO is a potent inhibitor of the vasoconstrictive effects of ET-1. We
therefore investigated whether stimulation of NO by L-Arg could also
modulate the renal effects of ET-1. Methods. Studies were performed in 6
healthy subjects. Each subject underwent 3 clearance studies, during which
90 mm infusions of ET-1 (2.5 ng/kg/min), L.Arg (5 mg/kg/mm) and a
combination of these were administered. Parameters were blood pressure
(MAP), renal vascular resistance (RVR), electrolyte and acid excretion.
Results: MAP (mm Hg)
baseline infusion recovery
ET-1 95.5 2.0 102 2.5 98.5 2.6
L-Arg 96.8 1.4 93.0 1.4 93.6 1.7
combination 98.1 1.7 94.8 2.6
Sodium excretion Qmol/mmn)
95.6 3.0
ET-1 180 74 86 27 156 43
L-Arg 180 29 309 69 403 49
combination 170 41 129 38 354 100
Results:
ET-1
RVR,mmHg.mmn/l
baseline infusion78 3 124 7 recovery100 3
L-Arg 80±3 72±3 73±4
combination 82 3 113 5
Chloride excretion (j.tmol/nin)
99 4
ET-1 129 23 59 11 98 11
L-Arg 148 26 553 84 474 56
combination 126 26 370 45 430 77
(all observations during infusion were significantly different from base-
line, P < 0.05).
L-Arg prevented the increase in MAP during ET-1 infusion. However,
while L-Arg alone caused renal vasodilatation, L-Arg had no significant
effect on the decrease in renal perfusion during ET-1. ET.1 still caused
sodium retention in the presence of L-Arg, while L-Arg alone was
natriuretic. In contrast, ET-1 could not prevent the increase in chloride
excretion during L-Arg. This is explained by excretion of acid, secondary
to metabolism of Arg-HCI. Conclusion: L-Arg, in a dosage that caused
renal vasodilatation and natriuresis, could not inhibit the renal vasocon-
strictive and antinatriuretic effects of a pathophysiological dosage of ET-1.
However, it could prevent the effects of ET-1 on MAP.
Natriuretic role of oxytocin in male rats infused with hypertonic NaCI.
M Sjoquist, W. Huang, E. Jacobsson, S.L. Lee. Department of Physiology &
Med. Biophysics, Biomedicum, Uppsala University, Sweden. The involve-
ment of oxytocin (OT) in the renal natriuretic response to an intravenous
load of hypertonic or isotonic saline was examined in anaesthetized male
rats by using a selective OT-receptor antagonist [Mpa1, D-Tyr (Et)2, Thr4,
Orn8j-OT (OT.ant, Ferring AB, Sweden). NaCI was infused iv. (0.05
mmol x min1 x kg' body weight for 120 mm) either as a hypernatremic
(HNa) stimulation or as an isotonic volume expansion (yE). HNa caused
a marked increase in sodium excretion from 0.25 0.06 itmol x min1 to
10.04 0.62, while VE only yielded a moderate natriuresis from 0.25
0.04 mol X min1 to 1.64 0.15. The increase in potassium excretion
and urine flow rate after HNa was similar to that after yE. There were no
significant changes of mean arterial pressure in either case. Administra-
tion of OT-ant delayed and impaired natriuresis induced by HNa by 60%,
but not that by yE. Plasma oxytocin concentrations were also significantly
increased from 10.2 1.7 pg X ml to 18.8 1.8 at the end of the HNa
administration. In conclusion, direct evidence has been produced to assert
that endogenous oxytocin and its receptors are highly involved in the
natriuresis elicited by systemic hypernatremic stimulation.
Measurement of renal reserve is influenced by urinary flow rate. P.
Anastasio, M Cirillo, D. Santoro, L. Bankir, N G. De Santo. Seconda
Universita di Napoli, Italy and INSERM U 90, Paris, France. Recent data
in healthy humans indicated that renal reserve (RR) might be influenced
by urinary flow rate (V), ADH secretion, and U/P urea. We studied RR
after an oral protein load (OPL) of 2 g prot./Kg b.wt. (beef steak) by
measuring GFR (inulin) in water-diuresis, before (three 30-mm periods)
Abstracts 667
and after (six 30-mm periods) OPL in 84 healthy subjects (H) with GFR
> 100 mI/mm X 1.732 (mean SE, GFR: 116 4) and 120 patients (PTS)
with moderate CRF (GFR: 83 1 mI/mm X 1.73 m2, range 66—99).
Absolute RR was similar in H and PTS (+24,2 16.6 vs +24.8 18.5
mi/mm X 1.73 m2); however, RR, expressed as percent of baseline GFR,
was higher in PTS than in H (P =
.01). Quartile analysis of mean V during
the test (baseline and after-load periods), showed that in H, RR and V
showed bimodal relationship. Individuals who exhibit low V during the
test (4.6 1,2 ml/min, N = 21) had higher RR (+46.4%, P = .02) and
higher protein intake (+40%, P < .01) the day before the test, than those
in quartiles 2—4 (N 63, V 6.5 mI/mm). In PTS, RR and U/P urea
linearly increased across quartiles of V (P < .05). There were no
differences in baseline GFR or in dietary protein intake in the day
preceding the test across quartiles in PTS. The data indicate that in health,
RR might decrease when V exceeds a certain threshold, and that RR
correlates with previous dietary protein intake. In PTS with moderate
CRF, the flow dependency of RR is positive and linear, and the test also
explores the residual diluting capacity.
Effects of acute potassium loading on proximal tubular and loop of
Henle sodium and potassium reabsorption in the rat. B. Braam, HA.
Koomans, Dept. Nephrology, Univ. Hospital Utrecht, The Netherlands, Acute
potassium loading has been associated with natriuresis and high distal
flows have been shown to enhance potassium excretion. The current study
evaluated whether acute. KCI loading increases distal delivery, which
would facilitate potassium excretion. Sodium pentobarbital anesthetized
male Sprague-Dawley rats were prepared for micropuncture. After a 60
mm control period, in which all rats received 20 j.d/min 150 mM NaC1, 300
mM KCI was infused at the same rate (KCI; N = 7). In a time control
group (N = 7) the NaC1 infusion was maintained throughout the study.
During the control period and 45—90 mm following the control hour, late
proximal and early distal tubular fluid was collected. Plasma potassium
levels, [K], and potassium excretion, UkV, remained unchanged in the
time control group. In the KCI group, [K]1 increased from 4.56 0.16 to
5.76 0.11 (P <0.05) mmol/1 and UKV from 820 71 to 1622 139 (P
<0.05) neq/min.
Con-i Con-2 Con KC1
SNGFRpr0x (nI/mm)
SNGFRdI,t (ni/mm)
46.8 5.0
36.5 3.6
47.1 1.8
38.9 2.9
46.8 3.5
37.0 3.2
44.2 5.7
33.8 2.9
FlOWprox (ni/mm)
FlowdIS (nI/mm)
18.1 1.9
8.2 0.7
19.3 1.5
9.0 0.8
17.2 2.7
7.6 0.6
17.1 1.4
8.6 0.9
TF/PNaprox 0.96 0.02 0.96 0.02 0.97 0.02 0.97 0.02
TF/PNa,dSt 0.32 0.02 0.35 0.02 0.33 0.02 0.35 0.03
TF/PKP,OX
TF/PKdIt
1.10 0.09
0.36 0.04
1.13 0.09
0.49 0.06
1.09 0.04
0.31 0.01
1.06 0.05
0.44 0.07
TF/P, tubular fluid to plasma ratio; prox and dist; proximal and distal. In
the present study no increases in distal water, sodium or potassium
delivery could be demonstrated during acute potassium loading. This
indicates that the kidney is able to excrete a potassium load entirely by
distal mechanisms.
An investigation of the nephron site of gentamicin-induced hypercalci-
uria in the anaesthetised rat. PP. Parsons, HO. Garlan4 ES. Harpur*.
School of Biological Sciences, University of Manchester, England, Sterling
Health Pharmaceuticals*, Alnwiclç Northumberland, England. Acute gen-
tamicin (GEN) infusion induces a rapid hypercalciuria in the anaesthe-
tized rat (Foster et al. 1992). This response is not mediated by a reduction
in unidirectional proximal tubular calcium reabsorption (Parsons et a!.
1993). We have investigated the effect of acute GEN infusion on calcium
reabsorption in the loop of Henle using in vivo microperfusion. Male
Sprague Dawley rats (210—280 g) were anaesthetized with thiopental (100
mg kg1 i.p.) and prepared for in vivo microperfusion as described by
Green et al. (1974). The experimental protocol employed in this study was
identical to that we have previously described (Parsons et al. 1993).
Animals were infused with 0.9% saline alone (control, N = 8) or saline
containing GEN at 0.28 (N = 11) and 0.56 (N = 6) mg kg' mini.
Randomly selected short loops of Henle were perfused with a physiolog-
ical Ringer. GEN was added to the perfusate of GEN infused animals at
67.3 or 134.6 jg ml1. The inclusion of 45Ca and 3H inulin in the perfusate
allowed the assessment of unidirectional calcium reabsorption (Ja) and
net fluid reabsorption (J) respectively. Urinary calcium (U) and sodium
(UNa) concentrations were determined in urine collected from the mi-
cropuncture kidney over the period of microperfusion. Results are
presented in the Table below.
Control 0.28 GEN 0.56 GEN
JCa 29.4 1.04 29.4 0.74 28.4 0.72J 7.78 0.35 7.68 0.38 7.55 0.44U 0.04 0.01 0.14 .ola 0.17 0.02kU 6.1 0.54 6.9 0.42 7.1 0.55
- pmol min, Jv - ni min1, U8 and UNa - smol min', A - P <
0.001 by ANOVA with Bonferroni correction. Control N = 17 tubules,
0.28 GEN = 24 tubules, 0.56 GEN N = 16 tubules.
We conclude that GEN-induced hypercalciuria is not mediated by a
reduction in unidirectional calcium reabsorption in the loop of Henle.
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Effect of medullary hypotonicity on net bicarbonate transport along the
loop of Henle (LOll). G. Capasso, C. Saviano, R. *Unwin, M. Vinciguerra,
F. Ciani F, F. Mollica, G. Medolla, A. Tucci A, N. G. De Santo. Chairs of
Nephrology, Universities of Naples (Italy) and *London (England). The
LOH is an important site for bicarbonate reabsorption (J.C.I. 88:430—437,
1991). Since it goes into an hypertonic medulla, it is possible that changes
in medulla tonicity could affect LOH bicarbonate absorption (JHCO1). To
test such hypothesis, we perfused in vivo rat LOH by an end-proximal
solution at 20 nI/mm in control conditions and during iv. infusion of
mannitol. GFR and RPF were measured by inulin and PAH clearance.
LOH JHCO3 and iv by microcalorimetric method and 3H-inulin, respec-
tively. The results are reported in the following table: (mean SaM)
Control Mannitol P
Hct (%) 44.3 0.4 34.8 2.0 <0.001
GFR (mi/mm bOg b.w.) 0.96 0.06 2.62 0.44 <0.05
RPF (ml/mln/1009 b.w.) 2.60 0.48 6.05 0.51 <0.01
Blood pH 7.29 0.01 7.29 0.03 NS
Urine pH 5.95 0.12 6.44 0.09 <0.001
Uosm (mOsm/kg) 913.8 4.0 367.7 17.3 <0.001
FRHCO3 (%) 99.9 0.01 99.3 0.2 <0.01
Jv (nI/mm) 8.13 0.81 9.77 0.7 NS
JHCO3 (pmol/inin) 206.1 11.1 244.7 5.2 <0.01
The data show that, following mannitol infusion, there is an increase in
GFR and RPF, while the fractional bicarbonate reabsorption (FRHCO3) is
diminished, However the LOH JGCO3 is significantly elevated. Thus the
loop of Henle has an exclusive role in maintaining acid-base balance under
conditions of reduced meduilary osmolality.
Measurement of NA reabsorption by Henle's loop by micropuncture
and clearance methods. G. Romano, G. Favret, E. Bartoli. Cattedra di
Medicina Intema, Universitá di Udine, Italy. Experiments were performed
on 17 rats during hypertonic Na infusion prior to (B) and after Furo-
semide administration (F). Tubular samples were taken from early distal
(ED) and last proximal (LP) sites. Nephron filtration rate (NFR) was 50.1
2.9 at ED (N = 82), 51.7 2.2 nI/mm at LP (N = 112, P> 0.66) during
B, while percent resorption (PR) was 86 1 and 68 1 respectively (P <
0.001). During F these values were 51.4 3.2 ni/rn in and 75 1% at ED,
47.2 2.0 and 66 1% respectively at LP. In 83 paired collections from
LP, fractional (68 1 vs 67 1%, p> 0.32), absolute reabsorption (34.5
1.8 vs 33.1 2.1, P > 0.51) and NFFR (50.1 2.3 vs 50.1 3.4, P>
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0.99) were not different in B and F respectively. In 25 recollections from
ED these same values were 83 2 vs 76 2%, 40.3 3.4 vs 41.1 4.3,
and 48.2 4.0 vs 54.8 5.7 nI/mm, respectively. Very similar results were
obtained by 55 paired ED-LP collections during B, and 42 such pairs
during F. GFR was 1180 86 during B, 1220 86 ui/mm during F (N
17 p > 0.60), while urine flow rate rose from 5.1 1.2 to 30.7 2.1 and
TcH2O fell from 2.6 0.3 to —1.5 0.6 ml/m/100 ml GFR. The fractional
urine excretion during F was significantly correlated (R = 0.83, P <
0.0001) with the fractional proximal delivery. Na resorption by HL,
expressed as the volume of solute free water formed (CH2O-HL), could
be calculated from clearance data and from micropuncture data respec-
tively. These figures, 22.5 1.8 vs 23.1 1.5, were not significantly
different (P> 0.70) and were significantly correlated (R = 0.57, P < 0.02).
These data demonstrate that F does not act on the proximal tubule and
that delivery beyond the proximal tubule approximates urine flow rate
during F. The calculations of segmental sodium reabsorption along the
nephron by clearance measurements are superimposable upon the data
obtained by direct micropuncture measurements
Prostaglandins modulate NaCI delivery to rat renal medullary inter-
stitium in vivo. L. Dobrowolski5, E. Kompanowska, J. Sadowski. *J Dept.
of Physiol., Univ. of Heidelherg. Heidelberg; Dept. of Applied Physiology,
Medical Research Centre. Pol. Academy of Sciences, Warsaw. To examine if
modulation by prostaglandins (PG) of NaC1 transport in Henle's loops can
significantly modify medullary ionic hypertonicity, effects of PG inhibition
with indomethacin (Indo) or meclophenamate (Me) and of intrarenal
PGE2 infusion were studied in mactin anesthetized Wistar rats. Total
electrolyte concentration in the medullary interstitium was continuously
measured as tissue admittance (reciprocal impedance), using needle
electrodes recording from the inner and outer medulla of the insitu
kidney. Indo (N = 10) and Me (N = 7) infused iv. at 15 mg/kg mm
increased tissue admittance of the inner medulla 23 and 17%, respectively
(P < .01). Lower inhibitor doses elevated admittance less but still
significantly. Analysis of medullary slices indicated that PG blockade did
not affect non-electrolyte (urea) concentration. PGE2 infused into the
renal artery (300 ng/kg mm; N = 9) decreased tissue admittance of the
inner and outer medulla by 14 and 8%, respectively (p —
.001). Neither
PG blockade nor exogenous PGE2 influenced total RBF and Cm. The
data confirm in vivo that PG affect generation of medullary ionic
hypertonicity and may modify urine concentration.
Vasopressin V2 receptors modulate the cortico-papillary NaCI gradi-
ent. E. Kompanowska-Jezierska, L. Dobrowolski, J. Sadowski, Dept. Applied
Physiology, Medical Research Centre, Polish Academy of Science, Warsaw.
To examine if modulation by vasopressin of NaC1 transport in Henle's
loops (via V2 receptors) can significantly modify medullary ionic hyper-
tonicity. effects of stimulation or inhibition of V2 were studied in
anesthetized Wistar rats. Total electrolyte concentration in the medullary
interstitium was continuously measured as tissue admittance (reciprocal
impedance), using needle electrodesrecording from the inner and outer
medulla of the insitu kidney. dDAVP, a V2 agonist, infused i.v. at 7.5
ng/min.kg significantly increased admittance (tissue [NaCI]) by 9 and 8%
in the inner and outer medulla, respectively. A slightly pressor infusion on
natural vasopressin (AVP) induced pressure natriuresis and did not affect
medullary electrolyte concentration. Inhibition of V2 receptors with
[d(CH2)5,D-Phe2,Lle4]AVP, infused i.v. at 133 jig/h.kg in indomethacin
treated rats, decreased admittance. RBF and Cm were not changed by
dDAVP, AVP or V2 inhibitor. The changing activity of V2 receptors
affects the corticopapillary NaCI gradient indicates that at least in rodents,
stimulation of loop salt transport by AVP may represent an additional
mechanism enhancing urine concentration.
Angiotensin H Type 1 receptor (AT1) blockade impairs stress induced
antidiuresis and anti-natriuresis in conscious rats. R. Veelken, K-F.
Hilgers, A. Stetter, H. Geiger, J. Mann. Department of Medicine, University of
Erlangen-Numberg, Erlangen, Germany. OBJECTIVE: Airjet—a model of
environmental stress in rats—induces antidiuresis and antinatriuresis
depending on intact renal innervation. We tested the hypothesis that
endogenous Angiotensin 11 (ANG 11) facilitates neurally mediated antidi-
uresis and antinatriuresis to airjet stress. DESIGN: In conscious rats mean
arterial blood pressure (MAP), heart rate (HR), renal sympathetic nerve
activity (SRNA) and urine volume (UV) were recorded during two 10 mm
control periods, followed by a 10 mm airjet stress (AJS) and during two 10
mm recovery periods. Experiments were performed in intact and renally
denervated rats. ANG II blockade was induced 1 hour prior to the
experiments with 6Ojs 3Ojig or 6jig of the AT1 receptor blocker ZD7155.
RESULTS: Airjet stress in intact animals increased MAP by 12 +
5mmHg, decreased UV and urinary sodium excretion (UNA) per gram
kidney weight (gKW): (.1 V-Control: 31 3 jil/min/gKW, UV-AJS 15 2
jil/min/gKW; UNA-Control: 4.4 0.6 jimol/min/gKW, UNAAJS: 1.7 0.32jimol/min/gKW. Decreases of UV and of UNA were significantly inhibited
after pretreatment with the AT1 receptor blocker ZD7155. Responses to
6jig ZD7155 were as follows: UV-Control: 33.6 1.8 jiu/min/gKW,
UVAJS: 24 + 2*,.d/min/gKW; UNA-Control: 4.3 0.5 jimol/min/gKW,
UNA-AJS: 2.9 0.3* jsmol/min/gKW; (*) P < 0.05 compared to controls.
MAP increases to ANG 11(10 ng) were blunted by 60 and 30 jig, but not
by 6 jig of ZD7155. Renal denervation abolished airjet stress induced
renal responses. Time control experiments revealed no renal responses to
6 jig ZD7155. RSNA increased similarly during AJS by 38 5% in control
animals and by 37 3% in rats pretreated with 6jig ZD7155. CONCLU-
SION: In rats AT1 receptor blockade impaired neurally mediated antidi-
uresis and antinatriuresis without systemic effects. Our results suggest that
endogenous Angiotensin 11 facilitates renal responses to increases in renal
sympathetic nerve activity that are induced by modulation of central
sympathetic outflow.
Renal excretory function after sino-carotid denervation and atrial
natriuretic peptide (ANP) infusion in conscious Long-Evans (LE) rats. N.
Natcheff T. Avramova, K Simeonova*, I. Lambev'1', R. Girchev. Dept.
Physiol., Dept. Pharmacol*., Medical Faculty, Sofia. The experiments were
carried out on conscious LE rats after 10 days of adaptation in individual
metabolic cages divided in controls and with sino-carotid denervation. All
animals had implanted catheters in the right atrium for ANP infusion (100
ng/min/kg b.w. for 80 mm). Control animals had also catheters in the
femoral artery for blood pressure (BP) and heart rate (HR) registration.
The baroreceptor-heart-reflex sensitivity (BHRS) was assessed by a mi-
crocomputer analysis. Urine was collected from 8 am, to 2 p.m. for
volume (V), sodium, chloride, osmolality and creatinine determination.
On the last day of the experiment blood was taken for electrolytes,
creatinine, plasma renin activity (PRA). The ANP infusion increases V (P
< .01), UNa.V (p> .02), Ua.V (P < .01), and PR.A (P < .05), but does
not change the BITTIRS, BP, HR, and GFR in the control rats. The
sino-carotid denervation decreases the UN X V (P < —01), U1 X V (P
< .01), increases PRA (P < .05) and reduces the effect of ANP infusion
on the renal excretion of sodium and chloride (P < .05). Neural and
hormonal regulation of renal function depends to a great extent on the
sinus-caroticus baroreceptor activity which determinates the activity of the
renal sympathetic nerves.
The haemodynamic and renal functional responses to the 5.HT1
receptor agonist flesinoxan (FLX) in normotensive and hypertensive rat.
AL. Chamienia, E.J. Johns', Department of Nephrology, Gdansk School of
Medicine, Gdansk, Poland and 'Department of Physiology, The Medical
School, Birmingham UK The sympathetic nervous system plays an
important role in the control of the cardiovascular system. Furthermore
renal sympathetic nerves excert a direct control on renin release, tubular
sodium reabsorption and renal haemodynamics. There is evidence that
activation of central 5-HT1A receptors decreases sympathetic outflow,
including that to the kidney. The aim of the present studies was to
investigate the effect of flesinoxan (30, 100, 300 and 1000 jig kg') on
haemodynamics and renal excretory function in two groups of rats: 1.
Normotensive Wistar rats. 2. Stroke-prone spontaneously hypertensive
rats (SP-SHR). In normotensive rats flesinoxan caused significant falls in
blood pressure (BP) from 114 3 to 81 3 mmHg (P < 0.001) and heart
rate (HR) from 439 10 to 382 15 b min1 (P < 0.001) at the highest
dose, but had no effect on renal blood flow w GFR. Despite the large falls
in BP, urine flow (UV), absolute sodium excretion (UNV) and fractional
sodium excretion (FENa) remained nearly unchanged. In rats subjected to
renal denervation flesinoxan caused dose dependent decreases in BP and
HR, however W, UNaV and FEN fell significantly by 67—71% at the
highest dose (P < 0.001). In SP-SHR flesinoxan reduced BP from 171
2 to 97 5 mmHg and HR from 343 7 to 280 6b min' at the highest
dose (P < 0.001). We increased after first two doses (20 and 43%, P <
0.001 at 100 Ic), returned to baseline after third and fell significantly only
at the last dose. Changes in UNV and FENa followed a similar pattern
with even larger increases at first and second dose (P < 0.001 at 100 jig).
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These increases were not observed in denervated rats. Conclusions: 1.
FLX has a potent hypotensive action in both normotensive and hyperten-
sive rats. 2. In normotensive rats despite FLX induced fall in BP, Renal
excretion of Wetter and sodium was well preserved. 3. In SP-SHR renal
excretion of water and sodium was even increased after FLX. 4. The
effects of FLX on renal function appear to be via the renal nerves, since
they are lost in denervated kidneys.
Effects of endothelins on renin secretion from isolated mouse renal
juxtaglomerular cells. Th. Ritthaler', A. Kurtz', G. Riegger2, B. Kramer2,
1lnstitut fur Phvsiologie and 2Klinik und Poliklinik fur Innere Medizin II,
Universitat Regensbu,g. D-93040 Regensbu,g, Germany. This study was
performed to examine the effects of the different endothelins (ET-1, ET-2,
ET-3) on renin secretion from cultured mouse renal juxtaglomerular cells.
While the different endothelins (ET5) had no consistent effect on basal
renin secretion they equipotently (IC50: 3 nM) inhibited cAMP stimulated
renin secret Ion. ETs did not change renin secretion stimulated by the
NO-donor nitroprusside (100 jiM) nor that stimulated by low (2 mM
EGTA) or high extracellular (3 mM Ca) calcium. ETs induced calcium
oscillations in juxtaglomerular cells that were dependent on extracellular
calcium and that were associated with prominent calcium activated
chloride currents. The inhibitory effect of ETs on renin secretion was
abolished by lowering extracellular calcium concentration (2 mM EUTA)
but was not changed by the ET&receptor antagonist BO 123 (1 j.LM).
These findings suggest that ETs rather selectively inhibit the cAMP
stimulated pathway of renin secretion via a calcium sensitive process, that
is not mediated via ETA-receptors but is probably related to activation of
phospholipase C and subsequent effects.
Second messenger control of renin gene expression in isolated mouse
juxtaglomerular cells. R. Della Bruna', F. Pine!2, P. Corvol2, A. Kurtz'.
'Institut fur Physiologie, Universitat Regensbur D-93040 Regensbui'g Ger-
many, 2College de France, INSERM U36; 3, rue d'Ulm, 75005 Paris, France.
A quantifiable polymerase chain reaction for mouse renin mRNA was
utilized to study the influence of classic second messenger molecules on
renin gene expression in primary cultures of juxtaglomerular cells isolated
from the kidneys of C57/B16 mice. We found that forskolin (3 jiM), an
activator of adenylate cyclase led to proportional increases of renin
secretion and renin m-RNA levels, Also the NO-donor sodium nitroprus-
side (100 jiM) stimulated both renin secretion and renin gene expression,
the effect on secretion being stronger than that on renin mRNA levels. An
increase of the extracellular concentration of calcium from 0.5 to 3 mM
led to a transient inhibition of renin secretion followed by a marked
stimulation of secret Ion and to a continuous suppression of renin mRNA
levels. The membrane permeable 8-bromo-cyclic UMP (100 jiM) inhibited
basal renin secretion without an effect on renin m-RNA levels. The
phorbol ester 12-phorbolmyristate-13 acetate (1—100 nM), which was used
to stimulate protein kinase C activity was without significant effects on
renin secretion and renin m-RNA levels. These findings suggest that
cAMP, NO and calcium are effective regulators of renin gene expression
in renal JG cells, in a way that cAMP and NO are stimulators and calcium
acts as an inhibitor. Moreover, there appears to be no direct link between
the secretion and the expression of renin suggesting that both parameters
are separately regulated.
Regulation of expression and signal transductIon mechanisms of
glomerular mesangial and epithelial cell ectoenzymes. V Stefanovic, P.
Vlahovic, N. Ardaillou, R. Ardaillou. Institute of Nephrology, Nis, Yugoslavia
and INSERM 64, Paris, France. Cultured glomerular mesangial cells
(GMC) express several ectoenzymes: 5'-nucleotidase (5'-NT), Mg24 -
ATPase, alkaline phosphodiesterase I (APD) and aminopeptidase N
(APN). Glomerular epithelial cells (GEC) express all previous plus
aminopeptidase A (APA) and dipeptidylpeptidase IV (DPP IV). Evidence
is presented that IL-ip and 1'NF-a regulate 5'-NT expression of GMC
and that their effect depends in part on PGE2 synthesis. cAMP, and in
addition to PUB2, two other structurally different adenylate cyclase
activators, forskolin and isoproterenol, also stimulated 5'-NT activity in
GMC. In GEC cAMP and adenylate cyclase activators were demonstrated
to regulate APA expression. Upregulation of APA in GEC by dexameth-
asone was under glucocorticoid receptor—mediated regulation. Similarly
APD expression in both, GMC and GEC, was modulated by dexametha-
sone through a receptor-mediated mechanism. Interferon-regulated ex-
pression of APA and DPP IV in GEC. Epidermal growth factor was found
to increase expression of APN and 5-NT through a tyrosine kinase
transduction mechanism. Phorbol esters increased expression of APN,
involving protein kinase C activation. These results give basic knowledge
on the regulation of expression of glomerular cell eetoenzymes.
Extracellular ATP stimulates phospholipase C and c-fos expression via
P2u-receptors in cultured mesangial cells. E. Schulze-Lohoff £ Zanner, N.
Reindl, J. Pfeilschifter A. Ogilvie and RB. Sterzel. Med. Klinik Wand Inst
of Biochemistry, Univ. Erlangen Numberg, Germany and Dept of Pharma-
cology, Biocenter, Univ. of Basel, Switzerland. Extracellular ATP is a potent
mitogen for cultured rat mesangial cells (MCs). We studied the role of
phospholipase C (PLC) and the immediate early gene c-fos in ATP-
induced mitogenesis of MCs. PLC activity increased in MCs after stimu-
lation with 10—100 grvi ATP, as measured by production of 3H-inositol
phosphates (1P2 3.2-fold, 1P3 1.6-fold rises by 30 see). ATP, UTP and
ATPgS were the most potent agonists to induce PLC which is compatible
with involvement of P2u-reeeptors. Expression of c-fos m-RNA (Northern
blot) strongly increased from 20 mm to 60 mm after stimulation of MCs
with 50—100 MM ATP. Again, ATP, UTP and ATPgS were the most potent
agonists. Both, activation of PLC and e-fos by ATP and UTP were
partially (30—80%) inhibited by 4h pretreatment with 100 ng/ml pertussis
toxin, indicating involvement of U-proteins in the activation of these
pathways. Analysing the role of protein kinase C (PKC) in the induction
of e-fos by ATP, we found that the PKC inhibitor H7 (15 ,gM) suppressed
the ATP elicited induction e-fos by 80%. The protein kinase A inhibitor
H1004 had no effect. In summary, ATP and UTP stimulate PLC and e-fos
via the U-protein coupled P2u-reeeptor in MCs. The inhibitor experi-
ments with pertussis toxin and H7 indicate, that activation of PLC and
PKC contribute to the express of e-fos. Since UTP, in contrast to Al? and
ATPgS, is a poor mitogen for cultured MCs, activation of these signal
transduction steps does not fully explain the mitogenicity of Al?.
Additional effects of ATP are likely to be involved in the mitogenie effect
of extraeellular ATP.
Identification of kidney genes which display transcriptional modulation
during renal development and disease. AN. Malilç R.A. Page, R.A.
Gallagher, CA. Morris, Q. Zaidi, J.D. Williams* Department of Biochemis-
try, University of Wales College of Cardiff UK and *Insiltute of Nephrology,
University of Wales College of Medicine, UK We are interested in cloning
and eharaeterising renal genes which are important in kidney differentia-
tion and disease. In order to isolate such genes, we are using strategies
designed to identify genes which display transcriptional modulation during
renal differentiation as well as during the progression of renal disease. 1.
To isolate genes important in renal differentiation: by differential screen-
ing of a fetal kidney eDNA library, we have cloned and purified approx-
imately 100 eDNA clones which are expressed at high levels in human fetal
kidney but are down-regulated in adult kidney. 2. In order to isolate
disease-associated renal genes, we are using kidneys from the UK rat, a
model of NIDDM, which displays renal changes similar to human diabetic
nephropathy (DN). Using a differential display technique, we have
identified several fragments of genes which display transcriptional modu-
lation during the progression of DN in the UK rat. Charaeterisation of
both the developmentally regulated and disease associated renal genes is
likely to provide fundamental information about the molecular mecha-
nisms involved in renal differentiation and disease.
Interaction between Ca44 oscillations, cell volume, cytosolic pH and
cytoskeleton in RAS oncogene expressing cells. F. Lang*, £ Waldegger P.
Dartscht M Ritter+, E. Woell-l- Departments of Physiology, Universities of
Tubingen* and Jnnsbruck4-. In NIH 3T3 fibroblasts expressing the ras
oneogene bradykinin leads to sustained oscillations of cell membrane
potential due to oscillations of intracellular Catt activity and subsequent
activation of sensitive Kt channels, whereas in cells not expressing
the oneogene bradykinin leads to a single transient hyperpolarization only.
On the other hand, expression of ras oneogene leads to a shift of the set
point for cell volume regulation, to cytosolie alkalinization and to a
depolymerization of aetin. The present study has been performed to test
for the interaction between Caft oscillations and the other effects of ras
oneogene expression. Bradykinin leads to cell shrinkage and probably
through volume regulatory activation of Nat/Ht exchange to eytosolie
alkalinization. The bradykinin induced cell shrinkage favours the Catt
oscillations, which are abolished by osmotic cell swelling. Bepridil, which
inhibits the Catt oscillations, prevents the depolymerisation of the
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cytoskeleton. Thus, the Ca oscillations may account for the rearrange-
ment of cytoskeleton, which in turn may allow stimulation of Na17H
exchange and Na,K,2Cl cotransport. The resulting increase of cell
volume tends to turn off the oscillations of calcium and cell membrane
potential.
Cyclosporin A induces nitric oxide generation on endothelial cells (EC)
in culture. G. Blum, A. Lopez Farre, A. Esteban, L. Sanchez, A. Reyero, S.
Casado, L. Hernando, C. Caramelo. Fundacion Jimenez Diaz. Madrid
28040. Spain. Cyclosporin A (CyA) toxicity alters EC function in vivo
conditions. The present study was undertaken to asses the mechanisms of
the toxic effect of CyA on EC obtained from bovine aorta. CyA-treated
EC (500-1800 nglml) showed an increased NO production as assessed by:
a) [3H]-L-Citrulline formation from [3Hj-L-Arginine ([3H]-L-Citrulline
700 23 dpm/106 cells; P <
.01), b) nitrites production (1.2 0.1
nmol/ml; P <
.01) and c) increased generation of formazan from nitroblue
tetrazolium (95 3.1% increase; P <
.01). CyA-incubated EC also
showed a decreased Km for the L-arginine transport system (CyA: 5.6
0.9 x 102 M vs Control: 7.2 1.2 x 102 M; P <
.05) without changes in
Vmax (CyA 0.092 0.075 vs Control: 0.090 0.013 jzmol/min/mg
protein; pNS). However, the autocrine production of the second messen-
ger of NO, cGMP, was impaired in CyA-treated EC, both in baseline
(CyA: 555 23 vs Control: 1144 48 fmol/mg protein; P <
.01) or
bradykinin (10 M)-stimulated EC (CyA: 714 18 vs Control: 1516 41
fmol/mg protein; P <
.O1). Furthermore, CyA-treatment of EC induced asignificant decrease on Ca uptake on vascular smooth muscle reporter
cells (% decrease: 15.4 6 in the presence of untreated EC; 48.3 6 in
the presence of CyA-treated EC, P <
.01). This inhibition was blocked by
the L-arginine competitive analog, L-NMMA. In conclusion: Treatment of
EC with CyA increased NO production accompanied by changes on the
L-Arginine transport system. Although the NO increase was uncoupled of
autocrine stimulation of cGMP synthesis, it decreased the 45Ca uptake on
reporter vascular smooth muscle cells.
Effects of endothelin (ET-1) and cyclosporin a (CYA) on cell-cell
interaction in MDCK cells in culture#. L.B. Zimmerhacki, F. Kraemer, H.
Hoschutzky', M Kramer, C. Kolmel and M. Brandis. Dept. of Pediatrics,
Aibert-Ludwigs- University and 'Max-Planck-Institute for Immunbiology,
D-79106 Freiburg (#supported by german research foundation (DFG Zi
314). The interaction of renal epithelial cells via the zonula adherens (ZA)
is essential for differentiation, cell proliferation and cell function. CyA has
a toxic effect on proximal tubular cells (LLCPK-1), with functional and
morphological disruption of the ZA. This effect is enhanced by ET-1
(10— 12 M; Mesa et al. Eur J Clin mv 23:22, 1993). We evaluated these
observations in a cell culture model of the distal tubule. For this purpose
MDCK cells were grown on collagen coated filters and CyA was applied
with or without ET-1 for 24h into the apical/basolateral compartment.
Parameters of cellular functions were: transepithelial resistance (TER),
release of cytoplasmatic/membranous enzymes (LDH, GGT) and mor-
phologic changes. ZA was evaluated by cadherin turnover (puls-chase),
immunprecipitation and fluorescence-immunochemistty. Results: In
MDCK cells 24h CyA did not show toxic effects, the monolayer was intact,
enzymes were not released and morphological changes could not be seen,
in contrast to LLCPK-1. TER increased concentration dependant after
CyA, but not after addition of ET-1. ET-1 alone had no toxic effect and did
not change any parameter. CyA did not influence the synthesis of cell
adhesion proteins in pulse-chase. There was no change in configuration
and anchorage with the cytosceleton (a-catenin/cadherin) in immunpre-
cipitation. H7, an inhibitor of protein kinase C, or streptomycin A,
inhibitor of tyrosine kinase were able to suppress the increase of TER,
whereas Quabain, an inhibitor of the Na-K-ATPase, showed no effect. In
conclusion, CyA did not alter morphological structures, but functional
proteins such as protein kinases. The increased TER after CyA is not
caused by reduced transcellular ion transport, but rather an indirect effect
of increased paracellular resistance. It seems that protein kinases play a
role in regulation of the cell-cell interaction in MDCK cells.
PDGF and all induce different spatial distribution of PKC-alpha and -j3
in VSMC. H. Hailer, P. Quass, C. Lindschau, F.C. Loft Franz Voihard
Klinik, Max-Deibruck Centrum fur Molekulare Medizin, Berlin - Buch.
Proteinkinase C is an important intracellular second messenger for growth
factors which is translocated from a cytosolic compartment to cell
membranes upon cell stimulation. Using confocal mikroskopy we investi-
gated the spatial distribution of PKC after stimulation of cultured VSMC
with PDGF and angiotensin II. As PKC consists of several distinct isoforms
monoclonal antibodies for PKC-a, -f3 and -y were used. PKC translocation
was also assessed by Western blot analysis after cell fractionation.
Methods: PKC activity was measured by in vitro histone phosphorylation.
PKC immunoreactivity was assessed by western blot using isozyme specific
polyclonal antibodies. Cell proliferation was measured by thymidine
incorporation and cell count. VSMC phenotype was characterize by
immunostaining and western blot analysis for actin, desmin and vimentin.
Results: Immunoreactivity for PKC-a and -f3 was detectable in VSMC.
PKC was evenly distributed in the cytosol, while PKC formed coarse
granules in the perinuclear region. Using Western blot we observed a shift
of the immunoreactivity of both PKC isoforms from the cytosolic to the
membrane fraction after exposure of VSMC to All (10-7M) or PDGF (100
ng/ml) (6, 12 and 20 mm.). Confocal microscopy revealed that All induced
a rapid assembly of PKC-a along cytosolic fibers (6 mm) followed by a
translocation of the isoforni towards the perinuclea, region (12 mm) and
into the nucleus. PDGF also increased immunoreactivity for PKC-a in the
nucleus but no fibrillar distribution in the cytosol was observed. PKC-f3
was rapidly translocated by All to the permnuclear region (6 mm) followed
by a bright staining of the nucleus (20 mm). Comparable nuclear staining
for PKC-f3 was observed after PDGF (20 mm). Conclusions: Our results
demonstrate that PKC isoforms are differently distributed in VSMC. All
induces a rapid assocation of PKC-a with cytoskeletal structures followed
by translocation into the nucleus, while PDGF increases mostly nuclear
PKC-a. Translocation of PKC into the nucleus by growth-promoting
factors may be important for the induction of VSMC growth.
Distribution of NO synthase (NOS) and compounds of the reninangio-
tensin system (RAS) in the juxtaglomerular apparatus (JGA) of the
developing kidney. Evelyne Fischer, Jurgen Schnermann, Pierre Ronco,
Sebastian Bachmann, Anatomie und Zellbiologie 1, Heidelberg, Department
of Physiology, Ann Arbor, INSERM U64, Paris Presence of NOS in cells of
the macula densa (MD) has led to considerations suggesting a role for
arginine-derived nitric oxide in the transmission of tubulovascular infor-
mation transfer (Wilcox et al. PNAS 89/1193/1992). To investigate the
histochemical distribution of the neuronal isoform of NOS and RAS
compounds in the developing rat kidney, perfusion-fixed tissue from
postnatal stages of 2d, 6d and 15d was investigated (N = 4 per group). NOS
enzyme activity was established by the NADPH diaphorase (NADPH-d)
technique; NOS immunoreactivity was demonstrated by a polyclonal
antibody, and NOS mRNA was localized by non-isotopic in situ hybrid-
ization. Likewise, compounds of the renin system were localized immu-
nohistochemically (renin, angiotensinogen [AOGEN], angiotensin con-
verting enzyme [ACE], angiotensin II [All]) and by in sity hybridization(renin, AOGEN). For quantification, a "status" of renin- and NOS-
positive glomeruli was evaluated in all stages, and a distinction between
the juxtamedullary and remaining midcortical and superficial glomeruli
was accomplished. In addition, the number of NOS-positive MD cells was
evaluated. Presence of NOS was encountered in all stages. Full develop-
ment of MD NOS signal was seen as soon as a glomerular urinary space
was developed. A weak NOS signal was present as early as in the future
distal tubule cells of the S-Shape body. As soon as a distinct MD was
formed, double labelling with NADPH-d and antibody to Tamm-Horsfall
protein, a marker of the distal tubule, indicated mutual exclusiveness of
NADPH-d positive MD cells and neighbouring THP positive distal tubule
cells. Both renin- and NOS status and MD size were highest in the
juxtamedullary nephrons of all stages. Whereas the allover intensity of
renin status was 2d > 6d> 15d, NOS label was inversely related with 2d
< d and 6d = 15d. AOGEN was strongest in 2d and was throughout
localized in the convoluted part of the proximal tubule (PT). ACE was
localized to PT brush border and to vascular endothelia. All was generally
colocalized with renin. Our data indicate an early involvement of MD NO
synthesis in the organisation of the JGA during nephronogenesis and
suggest an interdependent relation with the RAS.
Induction and regulation of FcI'receptor III (CD16) on human glomer-
ular mesangial cells (HMC). P. Uciechowsk4 J.E. Gej3ner*, H.-J. Magert#,
R.E. Schmidt*, K Resch, and H.H. Radeke. Institute of Molecular Pharma-
cology, * Dept. Immunology, Medical School, # Inst. Peptidforschung, 30623
Hannover, Germany. Previously we demonstrated the transcription of the
Fc7RIII-A gene in growth arrested human mesangial cells (HMC). HMC
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are mesenchyme-derived cells which may be involved in forms of glomer-
ulonephritis (GN) characterized in particular by deposits of immune
complexes (IC). In this study we investigated the expression of Fe7RIII
(CD16) in proliferating HMC prepared from three different donors. We
used polymerase chain reaction from reverse transcribed RNA (RT-
PCR), specific primer pairs for FcyRIII, and controlled the RT-PCR
products by Southern blot hybridization with a FcyRIIl cDNA probe. In
contrast to growth arrested HMC proliferating cells expressed basal
FcyRIII transcripts, which were enhanced by combinations of lipopolysac-
charideECO! (LPS) and interferon-y (IFN-y). Human mesangial FcyRIII
protein surface was demonstrated on proliferating cells after LPS/IFN-y
stimulation by specific staining with CD16 monoelonal antibody (moAb)
CLBGran1. Immunoprecipitation and subsequent immunoblot analysis of
the CD16 molecule revealed a very low membrane expression on HMC in
comparison to polymorphonuclear leukocytes. Northern blot analysis
using an interleukin-6 (lL-6) eDNA probe showed that eryoglobulins had
no effect on the IL-6 mRNA in unstimulated growth arrested HMC.
F(ab')2 fragments of the CD16 moAb CLBGran1, and eryoglobulins
increased the IL-6 mRNA level in unstimulated proliferating cells. In
LPS/IFN-y stimulated proliferating cells a different CDIÔ moAb ORMI
crosslinked by goat-anti-mouse IgG F(ab')2 fragments (CaM), and cyro-
globulins led to an accumulation of IL-b message. By using specific CD16
moAb it could be confirmed that signal transduction is induced via
Fc(gamma)yRIII. These in vitro findings might be important for initiation
and progression of glomerular diseases.
Clq, a subunit of the first component of complement, enhances the
binding of soluble IgG complexes to renal mesangial cells. MR. Daha, F.J.
van der Woude, WE.M. Schroeijers, N. KIar-Mohamed, L.A. van Es, M.E.A.
van den Dobbelsteen; University Hospital Leiden, Dept. of Nephrology, The
Netherlands. The presence of IgG in the mesangial area in kidneys of
patients with different forms of glomerulonephritis suggests a role for IgG
in the inflammatory process. We have shown previously that rat renal
mesangial cells express receptors for both Clq (J.l. 1993, 151, 4315) and
IgG (Kidney Int. 1993, 43, 544). In the present study we demonstrate that
human mesangial cells (HMC) bind complexes of IgU in a dose- and size
dependent fashion. Binding of '251-AIgG (aggregated IgG, as a model for
Immune complexes) to HMC was inhibited in a dose-dependent fashion
up to 80 12% by 100-1000 fold excess monomeric IgG, and Fe fragments
of IgU. No significant inhibition was observed with F(ab')2 fragments of
IgG or human albumin. Incubation of HMC with purified human mono-
meric, dimerie- or tetrameric '251-Clq for 1 hr at 4°C showed a dose-
dependent binding of 'I-C1q. The binding of Clq to HMC induced a
dose- and size dependent, enhancement of production of interleukine-6 by
to HMC. Coineubation of a fixed dose of 125I-AlgG and increasing
concentrations of unlabelled Clq demonstrated a Clq dependent en-
hancement of binding of 125I-A1gG to the HMC. Clq enhanced the
binding of 125I-AIgG with at least 8-fold. These studies demonstrate a
cooperative effect of Clq- and Fe receptors on HMC, which may have a
direct influence on both the rate of processing of immune complexes by
mesangial cells and on the degree of activation of the mesangial cells.
Regulation of complement Factor B and C4 synthesis by human renal
mesangial cells (MC) by cytokines resembles regulation of MHC antigen
expression. .11. Timmerman, C.L. J7envetj, *D.J. van Gijlswijk-Janssen, F.J.
van der Woude, L.A. van Es, M.R. Daha. Department of Nephrology and
Rheumatology University Hospital Leiden, The Netherlands. Deposition of
complement within the kidney is seen in various kidney diseases. Until
recently it was thought that complement proteins found in the deposits
were derivat frum the circulation. It has been shown previously that
circulating levels of complement proteins originate from hepatocytes in
the liver. Studies from others and from our own laboratory have shown
production of a number of complement components by e.g. mesangial
cells and proximal tubular epithelial cells. In the present study the ability
of MC to produce two complement proteins, namely factor B and C4,
which are both encoded by MHC class Ill genes, was investigated. Adult
MC in culture secreted both factor B and C4 in the supernatants. The
production of factor B was 13 1 ng/106 cells/72 hr. Levels of secreted C4
were under non stimulated conditions less then 10 ng/106 cells/72 hr.
Addition of IL-ia(100 pglml), IFN-y(l000 U/mI) and TNF-a(1000 U/mI)
all resulted in increase of factor B levels and the presence of IFN-v
resulted in induction of C4 production up to 99 6 ng/106 cclls/72 hrs.
Furthermore factor B synthesis was upregulated after addition of IFN-a,
IFN-p, and IFN-y whereas C4 synthesis was only upregulated by IFN-y.
The secretion of factor B and C4 was inhibited by eycloheximide thereby
suggesting de novo protein synthesis. Northern blot analysis revealed
induction of factor B mRNA steady state levels by IFN-y and TNF-a and
of C4 mRNA expression by IFN-y. These studies indicate that mesangial
cells produce factor B and C4 and that cytokines exert their effect by an
increase of mRNA steady state levels. Regulation of factor B synthesis by
IL-Ia, TNF-a, IFN-a,-f3 and -y resembles regulation of MHC class I
antigen expression whereas regulation of C4 synthesis by IFN resembles
regulation of MHC class 11 antigen expression. The coordinate regulation
of synthesis of MHC class Ill encoded complement proteins and the
regulation of MHC class I and 11 antigen expression could both play a role
during kidney disease.
Transfection of cells with dNA for CD36 adhesion protein confers
capacity to ingest neutrophils undergoing apoptosis. Y. Ren, J. Allent K
Silverstein#, .1. Savill. Dept of Medicine, University Hospital Nottingham UIC
*Cambridge University UK and #Cornell University, NY, USA. Resolution
of glomerular inflammation may be promoted by "injury-limiting" re-
moval of neutrophils (PMN5) by apoptosis. This programmed form of cell
death, which occurs constitutively in PMN cultured overnight, leads to
recognition and ingestion of intact apoptotic PMN by glomerular macro-
phages and mesangial cells. In both cases this is inhibited by mAb to
CD36, implying that CD36 co-operates with phagocyte vitronectin recep-
tor (VnR) to bind thrombospondin (TSP), which bridges phagocyte to
apoptotic PMN. However, CD36 function remains controversial. We
aimed to express CD36 in CD36-negative cells known to express VnR and
TSP, to determine if this conferred capacity to ingest apoptotic PMN.
First, transient DEAE dextran-mediated transfection of COS cells was
studied. Both untransfected cells and cells transfeeted with cdm8 vector
bearing eDNA for FcR1 [as a control phagocytic receptorj had little
capacity to take up apoptotic PMN (2.1 0.5% and 2.4 1.3%
respectively, mean SE, N = 6). However, this was increased to 13.2
0,8% by transfection with CD36 eDNA; 18.7 1.7% of cells expressed
CD36 by flow cytometty. Apoptotie PMN uptake was reduced by mAb to
CD36 (to 3.8 1.2%) but not by irrelevant control mAb. Second, human
Bowes melanoma cells were stably transfected with pMV7 vector by
selection for neomycin resistance. Only 5.6 1.3% took up aged PMN
when transfected with vector alone, but 42.6 3.5% did so when
transfeeted with vector bearing eDNA for CD36 — >90% of cells
expressed CD36 protein. Recognition of apoptotic PMN was inhibited by
CD36 mAb (to 17.1 3.3%) but not by control mAb. Thus CD36 may be
a key "amplifier" of phagocyte clearance of cells undergoing apoptosis.
Increasing CD36 expression might promote resolution of inflammation,
CD44 shedding from human cultured mesangial cells (MC) induced by
neutrophil proteases. L. Halbwachs-Mecarelli, P. Nusbaum, C. Bessou, D.
Droz, Ph. Lesavre. INSERM U90 and Department of Nephrology, Necker
Hospital, Paris, France. CD44 is a broadly distributed cell surface protein
thought to mediate cell attachment to extracellular matrix components or
specific cell surface ligands. It is an acidic, sulfated protein, with a binding
site for hyaluronic acid. By using immunohistochemical staining using
mAb J173 and peroxidase labelling, we have observed that CD44 was
present in normal human kidney both on peritubular capillary endothelial
cells and irregularly on mesangial cell membranes. CD44 was then studied
on cultured human MC of the 6th passage. High quantities of CD44 was
observed on MC membrane by immunoperoxidase labelling. Imunoblot-
ting of solubilized in vitro cultured MC, using mAb J173, revealed a major
band of 95 kDa analogous to that of CD44 hemopoietic/mesodermal
origin. Further characterization of cell surface CD44 was done by FACS
analysis of trypsinized MC. Treatment of these cells with neutrophil
proteases with or without neuraminidase (30 mU/mi, Vibrio; 250 mU/mi,
Clostridium) induced the shedding of CD44. The percentage of release is
indicated in the table:
Elastase
(30 jzglml)
Cath. 0
(30 g/ml)
Chymotrypsin
(100 gg/ml)
Trypsin
(100 gg/ml)
minus NA 55% 84% 17% 6%
plus NA 86% 75% 60% 32%
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The shedding of CD44, induced by neutrophil enzymes, may be of
biomedical importance during inflammation, since this molecule binds
proteoglycans through its specific binding site and possibly cytokines and
plasma proteins because of its highly negative charge.
Neutrophil elastase and cathepsin G release CD43 (sialophorin, leu-
kosialin) from the neutrophil membrane: A possible mechanism for CD43
shedding. L. Halbwachs-Mecarelli, G. Bessou, P. Rennesto, M Chignard, P.
Lesavre. INSERM U 90, Hopital Necker and INSERM U 285, Institut
Pasteur, Paris, France. Leukosialin (CD43) is a sialic acid-rich molecule
highly represented on neutrophils (PMN) and on most leukocytes. One of
its functions may be to prevent nonspecific cell-cell interactions through
negative charge repulsions. CD43 is released during cell activation and we
have shown that its expression is decreased at inflammation site. We thus
analyzed the mechanism of the shedding of CD43, a reaction which may
play an important role in neutrophil adhesion to tissue cells during
inflammation. The shedding of CD43 does not require a desialylation of
the molecule, since it was not inhibited by the sialidase inhibitor 2-deoxy-
NANA and since the susceptibility of CD43 to proteases was not affected
by pre-treatment with neuraminidases. Two serine esterase inhibitors,
DFP and Eglin C, inhibited the release of CD43 induced by FMLP and
cytochalasin B but not that induced by PMA, while PMSF blocked both
mechanisms. Cell treatment with elastase or cathepsin G, but not with
trypsin or chymotrypsin, decreased surface expression of CD43. Elastase
treatment resulted in 55,000 and 47,000 Mr CD43 soluble fragments—or
155,000 and 95,000 Mr asialofragments similar to those observed during
cell activation. The 120,000 Mr fragment released during PMN activation
was not detected in the supernatant of elastase-treated cells. We conclude
that elastase and cathepsin G may be responsible for the enzymatic release
of CD43 at inflammation sites, where cell activation results in degranula-
tion and release of these intracellular enzymes, while PMA-induced CD43
shedding may involve a different enzymatic reaction.
Leucocyte infiltration, ICAM-! and VCAM-I distribution and IL-Ia
expression in 15 cases of renal vasculitis. M.P. Rastaldi, F. Ferrario, S.
Tunes4 P. Napodano, A. BelTrame, G. D'Amico. Division of Nephrology,
San Carlo Hospital, Milan, Italy. Type of infiltrating leucocytes, and
staining for adhesion molecules ICAM-I and VCAM-I and for IL-Ia was
studied with an immunohistochemical method in bioptical specimens of 15
patients with vasculitis (6 Wegener and 9 Microscopic Polyarteritis). The
interstitial leucocytes (m.v. 1700/mm2) were macrophages (m.v 908/mm2)
and T Lymphocytes (mv. 920/mm2) with a CD4/CD8 ratio of I .8. About
1/3 of these cells were IL-I positive and/or ICAM-I or VCAM-I positive.
A smaller number of IL-2R positive cells was found. The glomerular
expression of VCAM-I strictly correlated with the site and the extension of
the necrotizing and extracapillary lesions and with the intensity of
macrophage infiltration. ICAM-l was also strongly present in the damaged
tufts, but its pattern was more diffuse. IL-ks was present in some glomeruli
with a focal positivity and in all glomeruli with a scanty mesangial
expression. It was also detectable at the vascular level and in the cytoplasm
of many tubular cells. Our data show the presence of adhesion molecules
in glomerular and interstitial lesions in renal vasculitis and suggest their
role in regulating the leucocyte infiltration and in the interactions among
the inflammatory cells. The presence of histochemical detectable levels of
IL-a in all our specimens confirms its fundamental role in this disease and
suggests its involvement in the progression of the lesions.
Thalidomide as treatment for refractory systemic vasculitis: possible
mechanism of action. JR. Rifikin, SM. McHugh, JR. Bradley, S. Thim,
P. W. Ewan, CM. Lockwood. Departments of Medicine and Pathology,
University of Cambridge, Addenbrooke's Hospital, Cambridge, CB2 2SP, UK
Renal involvement is common in the systemic vasculitides. We have used
thalidomide to treat successfully two patients with autoimmune systemic
vasculitis, refractory to all available immunomodulatory therapy. To try to
better understand pathogenesis, cytokine and adhesion molecule expres-
sion in diseased tissue was measured by immunohistochemistry and serum
cytokine levels by enzyme-linked immunosorbent assay. The results
strongly suggested that interferon-gamma (IFN-y) and tumor necrosis
factor-a production were upregulated in active disease. Two distinct
subsets of T-helper lymphocytes (Thi and Th2) are described, character-
ised by their cytokine secretion patterns. Thi cells produce IFN-y and Th2
cells interleukin-4 (IL-4) and IL-S. These subsets cross-regulate one
another and mediate different effector functions. We investigated whether
thalidomide might act therapeutically by activating Th2 and/or inhibiting
Thi subsets using in vitro peripheral blood mononuclear cell (PBMC)-
cytokine assays. Thalidomide was found to convert the usual strong Thi
response of normal PBMC to recall antigen to a strong Th2 response
(IFN-y decreased from 1.17 to 6.3 ng/ml P = 0.044; IL-4 increased from
2.8 to 12.7 pg/ml P = 0.026). Similarly, thalidomide induced IL-4, and
inhibited IFN-y production by PBMC in response to T cell mitogen
(IFN-y decreased from 7.8 to 3.7 ng/ml P = 0.024; IL-4 increased from 2.8
to 12.7 pg/mI P = 0.026). Furthermore, thalidomide alone could induce
IL-4 and inhibit IFN-y production by PBMC (IFN-' decreased from 1.0 to
0.2 ng/ml P = 0.001; IL-4 increased from 5 .2 to 16.8 pg/mI P = 0.035). No
other immunomodulatory agent has been shown to induce this switching
of lymphocyte subset responses. Thalidomide may thus have a novel role
in the treatment of refractory Thi-associated diseases such as certain
systemic vasculitides and possibly in inflammatory renal disease charac-
tensed by the presence of a Thi cytokine profile.
The role of neutrophils in the pathogenesis of experimental vasculitis.
F. Oasim, P. Mathieson, S. Thim, D. Ollveira. Dept. of Medicine, University
of Cambridge. Cambridge. England. In the Brown Norway rat mercuric
chloride (HgCl2) induces necrotizing vasculitis and anti-myeloperoxidase
(MPO) antibodies. As in systemic vasculitis in man there are neutrophils
at the site of tissue injury. To examine their role in the pathogenesis of the
vasculitis, we have used a number of monoclonal antibodies which affect
neutrophil number or function. Rats treated with HgCl2, between days 1
and 10 received antibody by daily i.v. injection at various time points.
Serial blood samples were taken for neutrophil counts, and anti-MPO
antibodies were assayed by ELISA. The guts of animals killed following
antibody therapy were scored macroscopically and microscopically for
vasculitic changes by an observer unaware of treatment groups. RP3
depletes rat neutrophils. RP3 given after the onset of experimental
vasculitis caused a dose dependent reduction in tissue injury (mean score
of control 67% at low and 33% at high dose).There was a marked
reduction in tissue neutrophil infiltration. 0X42 (anti-rat CD11bC) blocks
glycogen induced neutrophil migration into the peritoneum in the BN.
However it exacerbated HgC12 induced vasculitis and did not reduce tissue
neutrophil numbers. 11.8 promotes neutrophil chemotaxis and activation.
We have studied the effect of DM/C7, an anti-1L8 antibody. Given
concurrently with HgCl2 , when vasculitis is being induced and tissue injury
is relatively mild, DM/C7 ameliorated this injury, but when given after
HgC12 it had no effect on vasculitis. Unlike control animals, the number of
neutrophils present after DM/C7 treatment did not correlate with the
degree of tissue injury, suggesting inhibition of 1L8 mediated activation
rather than of chemotaxis. In all experiments, regardless of effects on
tissue injury, anti-MPO antibody levels were unaffected. The data pre-
sented suggest that a certain level of neutrophil activity is required for the
induction of vasculitis, that anti-MPO antibodies are not of primary
importance and that antibodies against neutrophils may be useful in
therapy of human disease.
GIP and DIP—A new view of uremic toxicity. M Haag- Weber, B. Mai, G.
Cohen, W.H. Horl. Dep. Medicine, Div. Nephrology, University of Vienna,
Austria. We summarize our results concerning three novel peptides
cumulating in Renal failure and clearly interfering with specific cellular
functions. Granulocyte inhibitory protein I (GIB I) has a molecular weight
of 28,000 dalton. In vitro nanomolar concentrations of GIP I inhibits PMN
glucose uptake, chemotaxis, and oxidative metabolism stimulated with
FMLP. Intracellular killing of S. aureus or E. coli is also blocked by
comparable low concentrations of GIP 1. Amino acid sequence analysis of
the NH2-terminus of GIP I suggest that GIP I could be a member of the
light chain protein family. Indeed when GIP I was incubated with
antibodies against kappa and lambda light chains precipitation was noted
in the immunodiffusion assay. A peptide was synthesized corresponding to
the 20 amino acids of the NH2-terminus. A sheep was immunized with this
antigen and the purified antibody will hopefully allow detailed further
studies. GIP 11 displays molecular weight of approximately 9,500 D and
inhibits glucose uptake and oxidative metabolism stimulated with PMA,
Amino acid sequence analysis of the NH2-terminus revealed homology
with f32-microglobulin. A third PMN degranulation inhibiting protein
(DIP) was purified from plasma ultrafiltrates. DIP inhibits only release of
lactoferrin, collagenase and gelatinase but not the release of elastase by
PMNs. DIP has a molecular weight of 14,000 D. The amino acid sequence
analysis of the NH2-terminus revealed homology to the angioplastic factor
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angiogenin. In summary, the above data show that specific peptides
interfere with PMN function in dialysed patients.
Modulation of fibronectin production in rat mesangial cells by macro-
phage derived cytokines. I.Z.A. Pawluczyk, KP.G Harris. Department of
Nephrology, Leicestey, UK Macrophages (MP) play a central role in the
initiation of progressive glomerulosclerosis (GS). In previous studies we
demonstrated that macrophage conditioned medium (MPCM) cauaed
cultured mesangial cells to secrete the matrix protein fibronectin (Fn) in
a time and dose dependent manner independently of cell proliferation. In
order to elucidate the factors involved MPCM was co-incubated with a
panel of neutralising antibodiea. Addition of anti-TGFB resulted in a
24.5% (P C 0.01 vs MPCM alone) reduction in Fn production. No
significant effect on Fn production was observed with neutralising anti-
bodies to PDGF, TNFa, IL6, IL1JI suggesting that these eytnkines did not,
at least individually, contribute significantly to mesangial cell Fn produc-
tion. Exposure of mesangial cells to TGFJ3 alone modestly increased Fn
production over that of medium alone (538 ng/ml vs 338 nglml respec-
tively). However, TGFØ in combination with PDGF or TNFa synergisti-
cally upregulated Fn production to levels comparable with those seen with
MPCM (1255 ng/ml and 1149 nglml vs 1202 ng/ml respectively). These
data suggest that a cocktail of maerophage derived factors are required to
initiate OS.
Rat renal fibroblasts and tubular epithelial cells both produce enzymes
that regulate matrix turnover. At P. Lewis, L. C. Fine, .J. 7'. Norman.
Department of Medicine, University College London Medical School, The
Rayne Institute, University Street, London. Interstitial fibrosis is a feature of
many progressive renal diseases and is eharaeterised by an increase in
interstitial cell proliferation and accumulation of extracellular matrix
(ECM) as a result of an increase in synthesis and/or a decrease in
degradation, the latter mediated by the matrix metalloproteinases
(MMPs). It has generally been assumed that matrix metabolism is
regulated by the interstitial fibroblast. However in renal fibrosis, fibrotic
areas frequently occur in apposition to areas of tubular atrophy nr injury
raising the possibility that both the tubular epithelial cells and the
fibroblasts contribute to the accumulation of matrix. Rat renal cells were
used as a model of the tubulo-interstitium to delineate which cell types
produce matrix degrading enzymes. Firstly, however, it was necessary to
establish and eharacterise rat cortical interstitial fibroblasts (RCF) in vitro
since there are no reports nf successful culture of these cells. Fibroblasts
were derived from eollagenase-digested cortical tissue homogenates after
removal of the glomeruli. Primary cultures contained epithelial and
fibroblastie cells but by passage 2 (P2) were entirely fibroblastie. These
cells maintained proliferative activity through 4 passages and serial
passages were eharaeterised by changes in cell morphology with the cells
initially appearing elongate with spindly projections (P2) but becoming
large and flattened at P4. Immunoeytoehemieal characterisation showed
these cells were vimentin (+), cytokeratin (—) and revealed that cells at all
passages strongly expressed a-smooth muscle aetin, a feature that appears
to be characteristic of activated flbroblasts from various tissues. Assay of
the response of quiescent cells (at P2) to various cytokines and growth
factors showed that EOF, PDOF, IL-1f3 and FGF (acidic and basic)
stimulated cell growth, TGF-!3, apparently inhibited proliferation and, at
the concentrations tested, IGF-I and -II had no effect. Rat cortical tubular
epithelial cells (RCTE) were cultured using established methods. Char-
acterisation by zymography showed that both RCF and RCTE produced
both the latent and activated forms of the 72 and 92 kDa gelatinases,
indicating that both these cell types can produce the enzymes involved in
matrix catabolism and therefore that both cell types may contribute to the
change in matrix metabolism in fibrosis.
The human renal fibroblast cell line (tEKIF) and the monoclonal
antibody (MAB) TN2O are new tools to analyze pathomechanisms of renal
interstitial fibrosis. CA. Muller, C. Engler-Blum, I Frank, HP. Rode-
mann. Dept of Nephrology & Rheumatology, University of Gottingen and
Section of Radiobiology, University of TObingen, ERG. In the progression of
tubulo-interstitial changes renal fibroblasts play a major role in enhanced
extracellular matrix (ECM) deposition as well as in the production of
distinct growth factors. As the number of renal fibroblasts, directly
obtained from kidney biopsies, is rather limited we successfully transfeeted
fibroblasts (derived from a kidney with histologically proven interstitial
fibrosis) by the recombinant plasmid pSV3gpt. These cells are now fnr
more than 750 days in culture. They kept the properties of the original
cells and have a normal chromosomal content (2N = 46). ECM compo-
nents e.g. collagens, fibronectin, laminin and tenascin are expressed. The
cells are negative for eytokeratin, desmin and factor VIII. They constitu-
tively express ICAM-1 and MHC-class II molecules after stimulation with
INF-gamma. The MAb TN2O was raised against a cell surface molecule of
these cells. Western blot analysis revealed 2 protein bands of 26 and 29 kD
detected by TN2O. Using magnetic beads TN2O was able to separate renal
fibroblasts frnm renal epithelial cells, The cell line and the MAb TN2O are
valuable tools in studying fibroblasts behaviour, cell function and interac-
tions with other resident kidney cells in vitro.
The production of transforming growth factor-fl in cultured mesangial
cells and isolated glomeruli under high glucose condition. Yao Jian and Li
Lei-shi. Institute of Nephrology, Jinling Hospita4 Nanjing P.R. China.
Diabetic nephropathy is characterized by expansion of glomerular extra-
cellular matrix. Although the mechanism(s) by which the process is
initiated and propagated are still uncertain, transforming growth factor /3
(TOFp), a proselerotic eytokine has been suggested to play an important
role. This study was designed to examine the secretion of TGF/3 by both
isolated glomeruli from diabetic rats and cultured mesangial cells under
high glucose conditions. Wistar rats were made diabetic by a single
injection of streptotozocin (55 mg/kg). TGFj3 levels in the supernatants
obtained from isolated glomeruli (5000/ml) 4 wks after injection were
determined by using Mvllu cell inhibition assay. The results showed that
both total and active TGFJ3 secreted by glomeruli from diabetic rats were
significantly increased as compared with control (experiment vs control,
total:719 8 vs 523 21 pg/mI; aetive:203 29 vs 72.5 28 pg/ml, P C
0.01). The increment of active TGFj3 is more significant. Mesangial cells
pre-cultured under high glucose conditions exhibited decreased expres-
sion of TOFfi mRNA as observed by dot hybridization and also decreased
secretion of total TGF/3 (5.5 mM: 46.41 2.5, 25 mM: 19.25 1.67, 50
mM: 9.41 0.68, fg/24h/cell), while production of active TOF/3 increased
slightly (5.5 mM: 7.82 1.97, 25 mM: 10.69 2.50, 50 nM: 8.46 1.53
fg/24h/cell). These results suggest that abnormal production and activation
of TGF/3 do exist in the mesangial cells under high glucose conditions.
TGFJ3 may be involved in the development of mesangial expansion during
diabetic nephropathy.
Cytoprotection by silibinin against changes of fibronectin turnover
induced by adriamycin and high glucose in human mesangial cell
cultures. M, Soose-l-, S. Wenzelt L. Hokamp+, H Stolte*. *Div. of
Nephrology, Hannover Medical School, Konstanty-Gutschow-Str. 8,30625
Hannover, +Institut of Animal Physiology, Justus-Liebig-University, Wartweg
95, 35392 Gte/len. Disorders of the glomerular filtration barrier have been
associated with an impaired metabolism of the mesangial matrix in
metabolic diseases like adriamycin (ADR)-induced glomerulopathy or
diabetes. Focusing on the causal relationship of mesangial fibronectin
(FN) turnover, a dysregulation between FN expression and degradation
has recently been shown to cause extracellular FN accumulation in the
ADR model (Soose et al., Cell Biol. Toxicol. 9: 149, 1993). This may also
hold true for diabetes. The effects of ADR on mesangial matrix expansion
have been suggested to be mediated by DNA-interactions interfering with
gene expression. special attention has further been drawn to the metabolic
generation of deleterious oxygen radicals. The present study was designed
to counteract the disorders of ADR and high glucose on FN secretion and
matrix deposition in human mesangial cells (HMC) by ELISA and
immunofluoreseence techniques. The flavonoid silibioin was used because
of its cytoprotective properties which are known to be linked to both,
stimulation of biomass synthesis and antioxidant defense. A 24 hrs
incubation of HMC with 2 gg ADR/ml resulted in a significant increase of
FN in the culture supernatant (4.4 2.0 vs. controls: 2.6 1.6 pg/cell; N
= 12). This increase was totally prevented by 10 jig silibinin/mI (2.0 0.4
pg/cell; N = 8). Treatment with 5 jig ADRJmI exhibited the same effect.
The FN content in the culture medium following an 8 days incubation with
30mM glucose was also increased (5.4 2.1 vs. controls: 3.7 1.1 pg/cell;N = 20). FN accumulation was prevented by silibinin (4.1 1.0 pg/cell: N
= 11). These results were corroborated by immunofluorescence staining.
The expansion of pericellular FN fibers in both systems could be reduced
by silibinin. The data presented reveal that the ADR and high glucose
treatment-induced extracellular accumulation of FN in HMC in vitro is
compensated by silibinin. The flavonoid can therefore be suggested as a
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cytoprotective substance. Supported by MADAUS AG, CEC (BlOT-Cl
91-0266) and DFG Sto 71/6-3.
Glomerular proteinase activities in streptozotocindiabetic and obese
zucker rats. L. Schaefer, R.M. Schaefer, A. Heidland. Department of
Nephrology, University of Wurzburg, FRG. Both streptozotocin-diabetic rats
and obese Zucker rats develop glomeruloscierosis, which is preceeded by
enhanced glomerular matrix deposition. In the present study we followed
glomerular cysteine (cathepsins L, B, H) and metalloproteinases (colla-
genase and gelatinase) in both animal models of glomerulosclerosis. Five
weeks after streptozotocin administration the activities of the cysteine
proteinases cathepsin L + B (—28%), cathepsin B (—20%) and cathepsin
H (—32%) were significantly reduced. The activity of the metalloenzyme
gelatinase was also considerably lower (—48%), while collagenase activity
was unchanged. In 21-week-old obese Zucker rats glomerular cysteine
proteinase activities were also significantly lower (cathepsin L + B: —23%,
cathepsin B: —36% and cathepsin H: —47%). Gelatinase activity was
reduced by 33% and collagenase by 21%. The reduction in glomerular
proteinase activities was parallel by a significant increment of the glomer-
ular protein/DNA ratio in both animal models, suggesting that this
reduction in the activities of glomerular proteolytic enzyme systems may
be related to enhanced matrix deposition.
Glomerular ultrastructural changes in patients with type H diabetes
and microalbuminuria. A. Remuzzi, B. Ene lordache, C. Foglien4
V Gambara, El. Mohamed, 7'. Bertani, M Negri. Institute, Beigamo, Italy.
We used morphometrical analysis to quantity glomerular ultrastructural
changes in patients with type 11 diabetes (DIAB) and microalbuminuria.
Control biopsies (CTRL), obtained from patients undergoing kidney
surgery with no history of renal disease, were used as controls. Diabetic
patients had mean duration of the disease of 9 7 yrs (1-25) and urioary
albumin excretion rate of 66 49 g/min. Images from optical and
electron microscopy were analyzed using conventional morphometrical
techniques and a computer-based image processing system. Two to three
glomeruli of each patient were analyzed using low (2,800X) and high
power EM (35,400X). Glomerular volume (Vg), filtering surface area
(FSA), capillary lumen volume (Vcap), length (Leap) and radius (Reap),
and basement membrane thickness (BMT) and epithelial filtration slit
frequency (FSF) were measured. Results are as follows
n Vg
/LM3 X10
FSA Veap
mm2 /.rM3X1O6
Lcap
mM
CTRL 5
DIAB 13
1.8 .7
3.2 8**
0.38 14 0.6 3
0.65 18** 0.8 3
12.9 2.2
24.3 8.6*
j.M
BMT
nm
FSF
slits/ I.tM
CTRL 5
DIAB 13
3.7 8
3.2 5
374 26
502 124*
1.60 0.15
0.97 0.33**
Mean SD, p < 0.05 and < 0.01 vs. nonnal controls.
As compared to CTRL,Vg, FSA and Leap were significantly increased in
DIAB patients while Vcap and Reap were comparable. Diabetic patients
also showed significant increase in BMT and decrease in FSF. Thus, in
type 11 diabetes marked adaptive changes in glomerular structure develop
early in the course of the nephropathy. The increase in Leap suggests, in
line with experimental results, the formation of new capillary segments.
Loss of glomerular permeability functions in these patients may derive
from changes in BMT and in the number of epithelial filtration slits.
Invited Lecture 3
Structure/function correlations in the mammalian Na/H exchanger
gene family. M. Donowitz, Departments of Medicine and Physiology, Gl
Unit, The Johns Hopkins University School of Medicine; Baltimore, MD. By
eDNA library screening from mammalian kidney and intestine epithelial
cells, a gene family of Na/H antiporters has been discovered and homology
with proteins in C. elegans and yeast identified. To date, 4 members of this
gene family have been cloned, sequenced, expressed in mammalian
expression systems, and structure/function studies begun. NHEI is the
housekeeper isoform, present in almost all mammalian cells, located on
the basolateral membrane of intestine and kidney epithelial cells, and
involved in intracellular pH homeostasis, volume control and likely in cell
division. NHE3 is the intestinal and renal brush border isoform and is
involved in Na absorption. It appears to be part of the small intestinal
neutral NaCl absorptive process, which is the major way Na is absorbed in
the small intestine between meals, explains the majority of post-prandial
iieal absorption, is the single Na absorbing process in small intestinal Na
absorbing cells which is inhibited in diarrheal diseases, and may be
hyperactive in intestine of patients with cystic fibrosis. NHE4 is found in
the most hypertonic portion of the kidney and is activated by hyperosmo-
larity. NHE2 is an intestinal brush border isoform, but the function of
which is not yet known. When stably expressed in mammalian cells, the
NHEs are regulated by protein kinases, growth factors, osmolarity and cell
speading. NHEI and the epithelial isoforms NHE2 and NHE3 have
different mechanisms of regulation. NHEI is regulated by changes in the
Km for intracellular H, while NHE2 and NHE3 are regulated by changes
in the Vmax. This would allow NHE1 to respond to small changes in
intracellular pH, while the epithelial forms could use the Vmax regulation
to change the rate of Na absorption. Of the NHE isoforms, only NHE3
appears to be both stimulated and inhibited by protein kinases. As occurs
in the intact small intestine, NHE3 is stimulated by serum, EGF or FGF
but inhibited by phorbol esters. NHE2 and NHE1 are stimulated by all
these stimuli. Short term regulation of NHE1 has been shown by
Pouyssegur and coworkers to: require a short portion of the C-terminus
for all regulation which probably interacts with the intracellular H
modifier site; involve an intermediate kinase; be partially dependent on
phosphorylation of NHE1 but also to be partially independent of direct
NHE1 phosphoiylation. NHE3 is a phosphoprotein; has separate domains
in the C-terminus for inhibition and stimulation; does not require a single
part of the C-terminus to modulate regulation. Chimeras of NHE1 and
NHE3 demonstrate that the nature of the Vmax regulation is dependent
on the C terminus. J. Membrane Biology 135:93—108, 1993. J. Biol. Chem.
268:25527—25535,1993.
RT-PCR detection of Na/H exchanger isoforms in the rat outer
medulla. P. Borensztein, M. Philippe, M Bichara, M. Paillard. INSERM 356
Universite P. et M Curie, and Hopital Broussais, Paris, France. Na/H
exchange activity has been demonstrated on either the luminal or baso-
lateral side of renal tubular cells. Kidney Na/H exchangers are responsible
for various cellular functions, e.g., transcellular reabsorption of NaHCO3
and NaCI, cell pH and volume regulation, and NH4+ transport. Recently,
several rat eDNA isoforms of the Na/H exchanger called NHE-1, NHE-2,
NHE-3, and NHE-4 have been cloned and sequenced. These various
isoforms are thought to mediate each a different kidney cell function and
to be regulated differently. Particularly, both basolateral and apical Na/H
exchange activity have been demonstrated in the medullary thick ascend-
ing limb (MTAL) whereas the outer medullaiy collecting tubule (OMCT)
displays only basolateral exchange. The particular isoforms present in
these segments are unknown. We used the reverse transcription-poly-
merase chain reaction (RT-PCR) to detect the mRNA for each of the
known isoforms in microdissected tubules from rat outer medulla. RT-
PCR amplification from total RNA was performed between two specific
primers for each NHE isoform. In rat kidney homogenate, the four NHE
isoform mRNAs were all detected and the identity of RT-PCR products
was demonstrated by the size of the product, digestion with restriction
enzymes, Southern blot analysis and sequencing. In microdissected
MTAL, NHE-3 was strongly expressed, NHE-1 mRNA was also detected,
whereas NHE-2 and NHE-4 mRNAs were not detected. In contrast, in the
OMCT, only the NHE-4 isoform was expressed. In conclusion: a) in
MTAL, NHE-3 is probably the apical isoform involved in bicarbonate
reabsorption like in the proximal tubule whereas NHE-1, the ubiquitous
isoform, is likely basolateral; b) in OMCD, expression of only NHE-4
suggests that this isoform is a basolateral Na/H exchanger.
1Cm, a cloned chloride channel from epithelial cells, is paramount for
cell volume regulation. M. Gschwentner, UO. NagI, E. Woll, A. Schmarda,
A. Laich, W. Waitz, A. Susanna, A. Dobson, G. Pinggera, M Ritter,
P. Deetjen, M. Paulmichl. Dept. of Physiology, University of Innsbruck
Fritz-Pregl-Str,3, A-6020 Innsbmck, Austria. The activation of chloride and
potassium channels is a first predominant step enabling cells to reduce
their volume after swelling. Using the expression cloning technique a
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eDNA was isolated from Madin-Darby canine kidney (MDCK) cells
exhibiting chloride channel activity after expression in Xenopus laevis
oocytes. The eDNA encodes a 235-amino-acid protein spanning the cell
membrane with four estimated antiparallel p-sheets, comprising a channel
protein by assembling two identical units, Both, the C- and the N-terminus
of the proposed model would face the cytoplasm. Using sitedirected
mutagenesis, a nucleotide-binding region was identified at the outer
mouth of the predicted pore. Nucleotides like ATP, cAMP or cGMP are
able to block 1Cm from outside the cell after expression in oocytes. A
current similar (kinetics, pharmacology and selectivity) to 1Cm can be
elicited in NIH 3T3 fibroblasts after swelling the cells by reducing
extracellular osmolarity by 50 mosM, This swelling-induced chloride
current as well as the regulatory volume decrease (RVD) can be blocked
by extracellular ATP. By RT-PCR and Western-blots ICln can be identi-
fied in the fibroblasts used, In order to investigate if 1Cm is involved in the
measured RVD thioated antisense oligodeoxynucleotides (antisense oh-
gos) were employed. Preincubation of the fibroblasts with antisense oligos
leads to an annihilation of the swelling-induced chloride current. Similarly,
as expected, in the fibroblasts treated with antisense oligos the 1Cm
protein is dramatically reduced. In conclusion, ICIn is the predominant
protein involved in chloride transport after swelling the cells by reducing
extracellular osmolarity.
Vasopressin and dehydration induce redistribution of endosomes con-
taining WCH-CD in mammalian collecting duct principal cells. I. Sabolic,
J.-M. Verbavatz, D. Brown, IMROH, Zagreb, Croatia, and Renal Unit, MGH
& HMS, Boston, USA An immune serum was generated in rabbit against
a peptide (CVELHSPQSLPRGSKA) identical to the C-terminal portion
of the water channel WCH-CD. Western blotting of the rat papillary total
membrane proteins revealed that the whole anti-serum strongly labelled a
sharp 28 kDa and a diffuse 40 kDa band, and weakly labelled several other
protein bands between 45 kDa and 97 kDa. In contrast, an affinity-purified
antibody obtained from the whole serum only labelled the 28 kDa and the
40 kDa bands, presumably the nonglycosylated and glycosylated forms of
WCH-CD, respectively. This antibody failed to label purified M1P26 and
CHIP28, and proteins in red blood cell membranes as well as in renal
cortical brush-border, basolateral and endosomal vesicles. It, however,
strongly labelled corresponding protein bands in preparations of papillary
endosomes. The labelling was present only if membrane proteins were
denatured at 65°C, and was absent following denaturation at 100°C or if
antibodies were preincubated with the peptide. By indirect immunocyto-
chemistry of kidney tissue sections, the affinity-purified antibody specifi-
cally stained intracellular vesicles in the collecting duct principal cells. In
vasopressin (VP)-deficient Brattleboro rats, vesicles containing WCH-CD
had diffuse intracellular localization. In VP-treated and 24h-dehydrated
(DH) Brattleboro rats, stained vesicles were concentrated in the apical
region of the cells. However, Western blotting of the papillary membranes
from control, VP-treated and DH Brattleboro rats showed no difference in
density of the respective WCHCD bands. We conclude that both VP-
treatment and DH in rats result in a similar accumulation of intracellular
vesicles containing WCH-CD beneath the apical plasma membrane of
principal cells.
Phosphorylation sites for protein kinases in Na,K-ATPase. P. Beguin,
A.T. Beggah, B.C. Rossier, F. Jaisser, K Geering. Institut de Pharmacologic
et de Toxicologie de l'Universite, Rue du Bugnon 27, 1005 Lausanne
Switzerland. Recent work suggests that rapid changes in Na,K-pump
activity could be mediated by regulatory phosphorylation of a-subunits
through protein kinase A and C (PKA and P1(C). In an attempt to identi1,
potential phosphorylation sites for the two kinases, we mutated several
consensus serine and/or threonine residues in the a1-subunit of Bufo
marinus Na,K-ATPase. Wild type and mutant -subunits were expressed in
Xenopus oocytes or in COS cells and upon stimulation of endogenous
PKA or PKC, the phosphorylation state of the immunoprecipitated
a-subunits was followed. According to our results, wild type a-subunits
become phosphorylated in vivo in response to stimulation of both PKA
and PKC. A consensus phosphoiylation sequence in the C-terminus of the
Bufo a,-subunit (serine 943) which is highly conserved among species and
isoforms is a unique target for PKA phosphotylation. On the other hand,
mutations of several serine and/or threonine residues in PKC consensus
sequences did not or only partially abolish phosphorylation upon PKC
stimulation. Mutations close to the catalytic phosphorylation site of the
a-subunit consistently influenced PKC stimulated phosphorylation in
Xenopus homogenates, suggesting that this region actually contains a
phosphorylation site or is part of a conformational domain needed for the
observed phosphorylation upon PKC stimulation.
Acute up-regulation of proximal tubular Na/Pi-cotransport: Rapid
recruitment of Na/Pi-cotransporters? M. Lotscher, B. Kaissling, J. Biber, H.
Murer, M. Levi, Institutes of Anatomy and Physiology, Universuy of Zurich,
CH-8057 Zurich. Dietary content of phosphate is an important regulatory
factor of proximal tubular P-reabsorption. Recently we have cloned a
Na/P1-cotransport system, NaPi-2, and demonstrated that this proximal
tubular, apically located transport system is up-regulated after a chronic (6
days) P1-diet. To characterize the short term effect of a low P1-diet on
proximal Na/P1-cotransport, rats were fed a low P1-diet (0.1% P) for 4
hours (control animals received a 1,2% P1-diet). Kidney cortex tissues
were analyzed with respect to the contents of NaPi-2 mRNA, NaPj-2
protein. In addition, the cellular distribution of the NaPi-2 protein was
studied by immunohistochemistry. In agreement with a 3-fold increase of
Na/P1-cotransport the abundance of NaPi-2 protein was increased 3-fold
as revealed by immunoblots using isolated brushborder membranes.
Northern blot analysis suggested that the amount of NaPi-2 related
mRNA was not changed under these conditions. When compared to
control animals, a more uniform and more abundant apical expression of
NaPi-2 protein was observed after acute Pi-restriction by immunohisto-
chemistry using anti(NaPi-2)-antibodies. In addition, acute low P-diet
lead to a reduction of intracellularly localized (endocytic apparatus)
NaPj-2 protein. The data suggest that a low P1-diet acutely (within 4 hours)
leads to a protein synthesis independent increase of functional Na/Pt-
cotransporters within the apical membrane of proximal tubular cells.
Evidence was obtained that the observed acute stimulation of Na/P1-
cotransport could be due to a recruitment of Na/P1-cotransporters residing
in subapical vesicular structures.
Renin secretion from juxtaglomerular (JG) cells is stimulated by
chloride. B.L. Jensen, Ole Skott. Institute of Medical Physiology, University of
Copenhagen, Copenhagen, Denmark. Calcium and chloride have been
suggested to be involved in the intracellular control of renin secretion. We
have tested these propositions on permeabilized and intact glomeruli with
attached JG-cells. Renin release from JG-cells permeabilized with 20 sM
digitonin was found to be unaffected by changes in the calcium concen-
tration in the nano- and micromolar range while the release was stimu-
lated promptly and dose-dependently by isoosmotic increases in the
concentration of chloride to 25, 60, and 132 mM. The stimulatory effect of
132 mM chloride was blocked by concomitant substitution of potassium
with the impermeable cation N-methyl-D-glucamine, or by addition of
sucrose, suggesting that an intracellular water movement is involved in the
secretion caused by chloride. These results led to the hypothesis that in
intact JG-cells an increase in calcium inhibits renin release through
activation of chloride channels followed by a drop in the intracellular
chloride concentration. This hypothesis was tested on intact cells with the
chloride channel blocker DIDS (0.5 mM). Addition of DIDS mimicked the
stimulatory effect of a calcium-free solution. DIDS prevented the decrease
in renin release normally seen after addition of calcium to a calcium-free
solution. The effects of calcium-free solution and DIDS were not additive.
Thus, calcium-free solution and DIDS may act through the same effector
mechanism. We suggest that calcium affects renin secretion through
changes in the intracellular activity of chloride.
Calcium requirements for the pressure-dependent modulation of renin
secretion from the kidneys. H. Scholz, M Hamann, K-H. Gotz, A. Ku,iz
Institut für Physiologic der Universitat Regensbuiy, Regensburg, FRG. In
order to further elucidate the intrarenal "baroreceptor" mechanism for
renin release, this study investigated the role of calcium ions in the
pressure control of renin secretion. For that purpose we measured renin
release from isolated rat kidneys which were perfused at renal artery
pressures (RAP) of 40, 80, 100, 140, and 160 mmHg with a perfusate
containing either normal (1.5 mM) or no calcium ions (nominally calcium-
free plus 0.5 mM EGTA). Similar to the intact organism, renin release
from isolated kidneys was inhibited in the range between 160 and 100
mmHg (4.5 0.5 (ng angiotensin h')xmin'xg I),whereas lowering
of the RAP below 100 mmHg resulted in renin secretion rates
(RSR) increasing exponentially to the maximum value of 55 8 (ng
ANGIxh1)xminxg' at 40 mmHg. Using a calcium-free medium
stimulated basal renin release at 100 mmHg nearly 7-fold and at the same
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time blunted the reciprocal pressure dependency. The organic calcium
channel blockers nifedipine and nitrendipine (1 JLM each) abrogated the
myogenic control of renal vascular tone but, however, did not affect the
pressure-dependent modulation of renin secretion. Angiotensin II (100
pM) used to mobilize calcium release from intracellular stores, signifi-
cantly inhibited renin secretion in the whole pressure range between 40
and 160 mmHg. These findings suggest that the pressure regulation of
renin release involves a mechanism of transmembrane calcium influx
which is different from calcium entry through voltage-operated L-type
channels. Moreover, since renin secretion was uniformly inhibited by
angiotensin II, we therefore conclude that the "baroreceptor" control of
renin release is not maintained by pressure-dependent changes of the
calcium sensitivity of renal juxtaglomerular cells.
Propagation of vasomotor responses in the renal vasculature. M.
Steinhausen, K Endlich, R. Nobiling, F. Schütt, I. Institute of Physiology,
University of Heidelberg, Germany. Whether vasomotor tonus is propagated
in the renal vasculature is an unsolved question. Therefore, we used for
the first time local electrical in vivo stimulation of vessels in the split
hydronephrotic kidney of anaesthetized rats. The vascular wall of arcuate
arteries, interlobular arteries, and afferent arterioles was stimulated with
DC-pulses applied by micropipettes while vascular diameters were mea-
sured simultaneously. We observed downstream and upstream propaga-
tion of locally induced vasoconstriction or vasodilation by depolarizing or
hyperpolarizing currents, respectively. Propagated vasomotor responses R
decreased approximately exponentially with increasing distance X from
the site of stimulation: R(x) = exp(— xA). We obtained a value of 316
67 .rM (mean SE, N = 13, 7 animals) for the "length constant" A during
application of depolarizing currents, which resulted in 58 26% (mean
SD) constriction at the site of stimulation (vessel diameter 20.8 /.LM,
mean SD). The propagation was not caused by the spread of the
electrical field since a slight removal of the stimulating pipette abolished
local and propagated effects. Propagation was not affected by the a-an-
tagonist prazosin, by tetrodotoxin, or by Catantagonists. However, it
could be attenuated by application of hyperosmolar sucrose solution, a
putative inhibitor of gap junctions, with a second micropipette placed at
some distance from the site of stimulation. In conclusion, the renal
vasculature is capable of conducting vasomotor responses induced by local
electrical stimulation. This conduction is probably due to electrical
cell-to-cell coupling via gap junctions in the arterial wall. (Supported by
DFG)
Role of the NO-system in control of glomerular blood flow. D. A.
Haberle and M Kawabata. Dept. of Physiology. Univ. of Munich, Germany.
Since macula densa (MD) cells contain high concentrations of immuno-
reactive material akin to NO-synthase, it has been suggested that NO
release by MD cells is a determinant in the control of glomerular blood
flow by tubuloglomerular feedback (TGF). To study the role of this system
in TGF function, TGF response was assessed as the percentage decrease
in early proximal flow rate (EPF) on increasing loop of Henle flow in vivo
et situ from 0 to either 40 (orthograde microperfusion) or 15 nI/mm
(retrograde). For perfusion artificial tubular fluids were used containing
140 or 10 mmol Na and, as required, iO M NwL-arginine (NOLAG) or
iO M furosemide (orthograde microperfusion). In addition single gb-
meruli were "microinfused" retrogradely from the early proximal tubule
under stop-flow conditions and mean intratubular hydrostatic pressure,
systemic colloid osmotic pressure and mean renal arterial blood pressure
measured. Postglomerular flow resistance was approximated by calculat-
ing the quotient of the change in intratubular hydrostatic pressure and the
change in microinfusion rate for a step change in the latter. The
microinfusion solution was a modified Ringer's solution containing 110
mM NaCI, 80 mi mannitol and, as required, NOLAG plus sodium
nitroprusside, carbachol or angiotensin II (all i04 M). The following was
observed: orthograde loop perfusion with NOLAG stimulated TGF only
insignificantly (EPF decrease to 42% vs. control 49.5%). In the presence
of furosemide (partially blocked TGF stimulation) NOLAG stimulated
TGF only insignificantly (EPF decrease to 75.3% vs. control 80%).
NOLAG was also uneffective in MD segments during retrograde perfu-
sion with ATF containing 10 or 140 mmol/l NaCl. In microinfused
glomeruli NOLAG increased postglomerular flow resistance by some
450% and All by 280%. Addition of sodium nitroprusside to NOLAG
virtually prevented the efferent vasoconstriction. Carbachol reduced ef-
ferent flow resistance substantially, although limitations of the method did
not allow this to be quantified precisely. Experimentally induced efferent
vasoconstriction was always accompanied by afferent vasoconstriction.
Thus, NO may influence vascular tone in the glomerular arterioles from
the vascular rather than the tubular side in response to TGF activation by
tubular fluid passing the MD.
Endotoxin increases glomerular haemodynamic resistance by sequen-
tial actiation of thromboxane, PAF and endothelin-l. HA. Bock;
V. Muller, M. Hennie, F.P. Bnsnner, G. Thiel, Division of Nephrology,
Kantonsspital Basel, Switzerland. To elucidate the mechanisms responsible
for the endotoxin-induced fall of GFR, we studied the haemodynamic
response of single glomeruli to in-vitro endotoxin perfusion. Microdis-
sected rabbit glomeruli with intact Bowman's capsule were cannulated and
perfused in-vitro with electrolyte solution via concentric micropipettes,
which were advanced to the intraglomerular capillary branching point via
the afferent arteriole. Pressure at this point was kept at 40 2 mm Hg.
Glomerular (= intraglomerular + efferent) resistance and volume (video-
microscopy) were determined in 20 mm. periods (2 X 20 control—3 X 20'
experimental). Pseudomonas endotoxin, the TxA2 agonist U-46619 and
endothelin-1 were perfused alone or with receptor anta-gonists for
TxA2/PGH2 [SQ29548], PAF [BN52021] and endothelin-1 [BQ123]. The
agonist effects of U-46619 and endothelin-1 were also each blocked by
their respective antagonist. In conclusion, endotoxin increases resistance
at an intraglomerular site, since afferent arteriolar resistance is eliminated
by design and efferent constriction would increase glomerular volume.
Since both the PAF- and the endothelin antagonist block endotoxin and
U-46619, but only BQ123 blocks endothelin, endotoxin appears to activate
a cascade which includes (in this order) TxA2, PAF and endothelin. This
is consistent with the concept that a PAF- and endothelinmediated
mesangial contraction significantly contributes to the GFR fall in endo-
toxinemia.
Resistance Volume N
Endotoxin 6 g/ml
End + SQ29548 106 M
+50 12%**
+12 11%
—8 2%
0 1%
8
7
End + BN52021 iO M +5 7% —1 1% 7
End + BQ123 10 M +8 7% 0 1% 5
U-46619 10 M +90 35%* —6 1% 6
U-46619 + BN52021 +14 5% +1 1% 5
U-46619 + BQ123 +6 7% +2 1% 4
Endothelin i0 M +164 69%** —4 2% 5
Endothelin + BN52021 +246 112%* —4 2% 4
Mean SEM, < 0.01, < 0.05
Effects of angiotensin converting enzyme (ACE) inhibition on glomer-
ular filtering surface area (FSA) and mesangial volume (M) in sponta-
neous glomerular injury in the rat. Bogdan Ene lordache, Chiara Foglieni,
GitJseppe Remuzzi, Tullio Beltani and Andrea Remuzzi. Mario Negri Insti-
tute, Bergamo, Italy. We have previously documented that treatment with
ACE inhibitors prevent spontaneous proteinuria and glomerulosclerosis
in male MWF/Ztin rats. Since angiotensin 11 is known to induce mesangial
cell (MC) contraction and proliferation, the aim of the present study was
to study whether the beneficial effects of ACE inhibitors on glomerular
function derive from preservation of glomerular ultrastructure. We used
conventional morphometrical analysis of kidney tissue, by light and
electron microscopy, to quantify gbomerular structural changes in male
MWF/Ztm rats treated with the ACE inhibitor cilazapril for 2 and for 6
months, and in untreated controls. At the end of the observation periods
urinary protein excretion were significantly reduced in treated animals, as
compared to controls (proteinuria averaged 309 60 Vs. 63 15 mg/day
after 6 mo. P> 0.01). Gbomerular volume increased significantly with time
(P < 0.05) but was comparable in controls and in treated animals at the
same time. FSA was comparable in controls and in treated animals. MV
was significantly lower in controls than in cilazapril treated animals after
2 mo. (0.14 0.06 vs. 0.20 0.06 1LM3 X 106, P < 0.05) and was only
numerically lower at 6 months (0.21 0.04 vs. 0.27 0.02). These results
indicate that the previously observed increase in gbomerular ultrafiltration
coefficient induced by ACE inhibition in these animals (JCI 85:541, 1990)
is not the consequence of an increased FSA but must reflect an increase
in membrane hydraulic permeability. Inhibition of angiotensin 11 induced
MV expansion that could derive from mesangial cells relaxation. These
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changes in MV can play a crucial role in determining the beneficial effects
of ACE inhibitors on capillary wall permeability to water and macromol-
ecules. Whether MC relaxation plays a role in ACE inhibitor-induced
changes in membrane hydraulic permeability, even in the absence of
changes in FSA, needs further investigation.
Upregulation of interleukin-2 receptor alpha on human proximal
tubular epithelial cells by IL-la, IFN-a and IFN-'y. J.S.J. Gemtsma,
C.L. Verivei), F.!. v.d. Woude, M. Kooymans, E. Schrama, A.F. Gemtsen,
L.A. v. Es, M.R. Daha. Dept. of Nephroloqy, University Hospital Leiden, The
Netherlands. IL-2 plays a central role in the immune response. The high
affinity IL-2 receptor is a complex of three transmembrane proteins and
one of these three proteins is the alpha subunit. The interleukin-2 receptor
alpha (IL-2Ra) is a low affinity receptor (Kd = 10 nM) for IL-2 and is also
known as CD25 or Tac. The IL-2Ra is expressed in very low levels on
resting T cells, but the expression is induced by activation of T cells with
mitogen or antigen. We have shown previously (Brooimans e.a. J.C.I. 88
379—384 1991) that proximal tubular epithelial cells (PTEC) in culture
express a functional receptor for IL-2 and that IL-2 in vitro is able to
enhance the production of complement C3 by PTEC in a dose-dependent
fashion. Analysis of biopsies obtained from renal transplant patients
revealed that PTEC in situ also express Tac. The expression of the IL-2Ra
correlated strongly with rejection and the intensity of the staining corre-
lated with the number of rejection episodes in the three months after
transplantation. In this study we were able to show the presence of the
IL-2Ra subunit on PTEC. FACS-analysis of PTEC in vitro indicated that
30-40% of PTEC cultured in medium express IL-2Rcs, The culture of
PTEC with increasing concentrations of cytokines (IL-la, IFN-a and
IFN-y) resulted in a dosedependent upregulation of the IL-2Ra subunit
up till plateau levels 70% of expressing cells, The IL-2Ra expression on
mRNA level was confirmed by the RT-PCR using two specific primers for
the IL-2Ra subunit. Taken together these studies show that IL-2Ra is
expressed on PTEC in vivo and in vitro and is upregulated by cytokines.
Since the alpha chain of the IL-2 receptor is responsible for the rapid
association of IL-2 with other components of the receptor, we suspect that
the IL-2 receptor present on PTEC is the high affinity receptor.
Pro-inflammatory mechanisms in human renal tubular epithelial cells.
A.D. Cumming A. Reith, P. Swan, D. Wojtacha, S. Fleming*, D.A.S.
Jenkins. Departments of Medicine and Pathology*, University of Edinburgh,
Edinburgh, UK Previous in situ hybridisation studies of renal biopsies
from patients with crescentic glomerulonephritis suggested that intra-
renal expression of cytokine mRNA (ILip, IL2R) occurs in this type of
acute renal inflammation, and that tubular epithelial cells (TEC) are a
significant site of expression. We therefore studied the potential role of
TEC in the inflammatory response, using cultured human renal TEC.
Kidney tissue was obtained from the normal pole of organs removed
surgically because of localised renal carcinoma. TEC were prepared by a
process of collagenase and trypsin digestion, centrifugation, and selective
filtration as previously described (Rahilly et a!, J Path 1991:165;163), and
were characterised by staining with the monoclonal antibody CAM 5.2.
Cells were maintained in culture and cellular responses studied during the
third or fourth passage. Unstimulated human renal TEC in culture did not
express 1L113 or IL2R mRNA (by in situ hybridisation) and did not stain
for 1L113 or IL2R protein (by immunochemistry). When stimulated with
recombinant 1L1J3 (10 ng/ml for 3 hours), a minority of TEC (approxi-
mately 5%) showed positive expression of IL1/3 mRNA, and occasional
cells were positive for IL2R mRNA. Stimulated cells did not stain for 1L113
protein. A minority of stimulated cells stained positively for IL2R using an
anti-CD25 monoclonal antibody. The conditioned media are being as-
sayed for ILl f3 and IL2R by ELISA, and further stimulus-response studies
of human renal TEC are in progress, including quantification of relevant
mRNAs.
TNF-mediated endothelial cell activation-evidence for ligand passing
between receptors. J. Bradley, S. Thiru. Department of Medicine, Addenbro-
oke's Hospital, Cambridge CB2 2QQ UK Cytokines such as tumour
necrosis factor (TNF) are principal mediators of the inflammatory re-
sponse, and it is now appreciated that one of their major biological
activities is to increase the immunological and inflammatory capacities of
vascular endothelium. Although TNF induced activation of vascular
endothelium is initiated by binding of TNF to high affinity cell surface
receptors, the intracellular events that follow TNF binding are not known.
Two distinct receptors for TNF of 55 and 75 kd have recently been
identified. We have confirmed by Western blotting that human umbilical
vein endothelial cells express both types of TNF receptors. Using confocal
microscopy and immunogold labelling, we have found that the 75 kd
receptor can be detected on the surface of endothelial cells, and, in the
presence of TNF, is internalised through clathrin networks. In contrast,
the 55 kd receptor appears to be localised predominantly in a perinuclear
structure. Preliminary studies suggest that this structure constitutes the
Golgi complex, and is the site to which TNF itself is targeted following
internalisation. These findings raise the possibility that the internalised
TNF may itself act as an intracellular signal, bypassing cytoplasmic second
messenger systems. In support of this, we have found that pharmacological
agents which inhibit receptor-mediated endocytosis, and therefore inhibit
internalisation of TNF, diminish TNF induced gene expression in endo-
thelial cells, We propose that TNF signalling may involve cooperation
between two receptors, such that the 75 kd receptor may serve to deliver
TNF from the cell surface to the 55 kd receptor.
Basic FGF accelerates podocyte injury, proteinuria, and glomeruloscle-
rosis in experimental membranous nephropathy but not in normal rats.
J. Floege, W. Kriz', M Schulze, W.G. Couser**, KM. Koch. Div. Nephrology,
Medical School, Hannover and *Dept. Anatomy, University of Heidelberg,
Germany. *Div. Nephrology, University of Washington, Seattle, USA. Podo-
cyte injury likely contributes to glomerulosclerosis. The factors involved in
the progression or resolution of podocyte damage after an initial insult are
largely unknown. One such factor may be bFGF, which in vitro is
produced by and mitogenic for glomerular epithelial cells. We therefore
investigated the effects of bFGF on glomerular function and morphology
in normal rats and rats with passive Heymann nephritis (PHN). All rats
received 10 ug bFGF or PBS i.v. on 5 consecutive days. No proteinuria or
glomerular pathology was induced by bFGF in normal rats. In PFIN rats
bFGF (administered on day 3—8 after disease induction) acutely increased
proteinuria by 67 27%. By light microscopy a dramatic increase in the
frequency of podocyte mitoses as well as cellular swelling and vacuoliza-
tion was noted, Immunohistochemically podocytic expression of desmin, a
cytoskeletal protein and marker of podocyte damage, was also increased in
bFGF injected PHN rats. By electron microscopy extensive and severe
podocyte lesions including pseudocyst formation and foot process retrac-
tion were seen, Within the glomerular tuft of bFGF injected PHN rats
there was also an increase in mitoses, which often appeared to localize to
endothelial cells. Basic FGF injections into PHN rats did not alter
antibody or complement deposition or induce glomerular leukocyte influx.
In PHN rats followed for 60 days after the 5 injections of bFGF there was
increased glomerulosclerosis as compared to controls. Conclusion: bFGF
can induce podocyte diploidity and/or proliferation in vivo, which is
associated with increased glomerular protein permeability and accelerated
structural damage. This action of bFGF is confined to podocytes that had
previously been injured. Release of bFGF from glomerular sources
(including podocytes themselves) during injury may therefore present an
important mechanism by which podocyte damage is enhanced or becomes
self-sustained.
Interactions between endothelin (ET-l) and the nitric oxide (NO)
system in the renal ischemia/reperfusion injury. A. Lopez Farre, G.
Espinosa, JR. Mosquera, E. Digiuni, KM Cemadas, B. Monzu, K Garvla,
C. Castilla, R.M. Gazapo, S. Casado, C. Caramelo. Fundacion Jimenez Dlaz.
Madrid. Spain. The aim of the present study was to address the role of the
endothelium in the renal damage due to 60 mm + 60 mm reperfusion (IR)
in rabbits. The individual infusion of the NO donor, L-Arg, or superoxide
dismutase (SOD) did not produce changes in the postischemic renal
function (GFR: Control:0.3 0.2L-Arg: 0.3 0.1, SOD:0.6 0.1 ml/min,
pNS). A significant recovery of the renal function was observed by the
infusion of: a) combined of LArg+ SOD (GFR:1.6 + 0.2 mI/mm P <
.01);
b) the NO donor, sodium nitroprusside (SNP), as exogenous NO donor
(GFR:1.5 + 0.3 ml/min P <
.01); c) anti-ET-1 (GFR:1.3 0.2 mI/mm P
<
.01). The infusion of SNP or L-Arg+SOD also reverted the renal
ischemia induced by the infusion of ET-1. Simultaneously, we observed
that IR or ET-l infusion increased renal myeloperoxidase activity (MPO)
indicating neutrophil accumulation (A% MPO increase: IR:26±3; ET-
1:24 5 P <
.01). An increased MPO activity was also found in the hearts
of the same animals (P <
.01). In in vitro studies, using isolated hearts and
kidneys, either the association of L-Arg+ SOD, SNP or anti-ET-l inhibited
the IR or ET-1-induced 51Cr-neutrophil accumulation (% inhibition in the
678 Abstracts
isolated kidneys: 93.2, 95.3, 95.8, respectively). A similar result was
obtained by the infusion of a monoclonal antibody against the neutrophil
adhesion protein, CD18. In conclusion: Exogenous or endogenous ET-1,
produced by the IR damage, decrease renal function and increase
neutrophil adhesion to the kidney and heart, by a mechanism which can be
inhibited by NO-donating agents and ET antagonism.
Ornithine metabolism in experimental glomerulonephritis. M Ketteler'
2, W. A. Borde,', N. A. Noble'. 'Division of Nephrology, University of Utah,
Salt Lake City; and 2Klinikum Steglitz der FU Berlin, Berlin. Low protein
diet slows the progression of most chronic renal diseases, however, the
mechanism of its action is unclear. We speculated that the dietary
restriction of arginine and ornithine could mediate part of its effects. In a
previous study we demonstrated that selective restriction of arginine in the
diet could mimic the beneficial effects of protein restriction in a rat model
of acute mesangio-proliferative glomerulonephritis induced by injection of
an antithymocyte-serum (ATS-ON). We also found that nitric oxide (NO)
might be an important mediator of mesangial cell injury in this model. In
the current study, we investigated activation of the following enzymes in
ATS-GN: arginase (ornithine synthesis), ornithine decarboxylase (ODC;
polyamine synthesis), ornithine aminotransferase (OAT; proline synthe-
sis). ODC activity and mRNA expression in the kidney were increased in
a biphasic pattern at 6 hours and 3 days after disease induction. Glomer-
ular gene expression of OAT was increased from day 1 for 3 weeks in this
model and preceeded increased expression of collagens I and IV. Con-
version of arginine to ornithine by arginase in cultured nephritic glomeruli
was activated during 5 days of glomerulonephritis and further enhanced by
increasing L-arginine concentration in the culture medium. Thus, in
addition to NO synthesis, ornithine metabolism is activated in ATS-GN,
and ornithine metabolites could possibly contribute to mesangial cell
proliferation and collagen deposition in this model.
Increased renal expression of TGF-fi and decorin mRNA is associated
with the development of experimental diabetic nephropathy. R.A. Page,
CA Morris, J.D. Williams* and AN. Malik; Dept. of Biochemistry, Univer-
sity of Wales College of Cardiff; P.O. Box 903, Cardiff CFI 1ST, UK *Institute
of Nephrology, Cardiff Royal ImSrmaiy, Cardiff CF2 ISZ, UK The central
pathological feature of diabetic nephropathy (DN) is the accumulation of
extracellular matrix (ECM) within the glomerulus. We are using the GK
rat, an experimental model of NIDDM, which displays renal changes
similar to human DN, to study transcriptional changes associated with the
progression of DN. We have investigated the expression of transforming
growth factor beta (TGF-13), which has been shown to play a regulatory
role in the synthesis and turnover of ECM components, such as decorin.
Using kidneys at progressive stages of DN from GK rats and age-matched
Wistar controls, mRNA levels of TGF-p and decorin were measured using
a semiquantitative RT-PCR technique. Examination of kidneys from 6, 16,
26 and 40 week GK rats showed that both decorin and TGF-3 mRNA
levels show significant increase in the later stages of the disease but not in
controls. These data indicate that TGF-/3 may have an important role in
the pathogenesis of DN.
Synergistic effects of neuropeptide Y (NPY) and proinsulin connecting
peptide (C-peptide) on tubular NA,K-ATPase activity. A. Aperia, Y.
Ohtomo, B. Meister, 7'. Hokfelt, B-L. Johansson & J. Wahren, Karolinska
Institutet, Stockholm. We recently described that NPY modulates tubular
Na,KATPase (NKA) activity by decreasing the Ko.5 for Na+ of the
enzyme from 12 to 6 mt'i. The effect is mediated by a pertussis toxin (PTX)
sensitive G-protein, increase of intracellular calcium and activation of
calcineurin as well as a suppression of adenylate cyclase activity (Ohtomo,
Kidney mt., in press). In ongoing studies we are examining the possibility
that NPY also acts via CaM kinase II. C-peptide, which is generally
released in equimolar concentrations with insulin, has recently been
suggested to be biologically activated and to alleviate some of the
complications in diabetes. Since tubular NKA is the target for several
peptide hormones, we have tested the effect of C-peptide in this system. In
proximal tubules (PT), C-peptide dose-dependently increased NKA activ-
ity at nonsaturating Na+ concentrations. The effect mimicked that of
NPY; it was abolished in PT preincubated with P1'X and calcineurin
inhibitors and attenuated by dBcAMP. Doses of C-peptide and NPY that
by themselves had no effect (10—p and 5 X iO resp.) caused, when used
together, a 1.47 0.04-fold increase (P < 0.001) of NKA activity. With
immunofluorescence studies we localized NPY to renal sympathetic nerve
endings in the vicinity of PT, but were unable to detect C-peptide in the
kidney. Circulating levels of C-peptide are, however, in the range of
10b0_10—9 M. Summary: This is the first demonstration on a cellular level
of a hormonal effect of C-peptide. The demonstrated synergism between
C-peptide and NPY may be of importance for the understanding of late
complications of diabetes which often involve altered function of the
sympathetic nervous system.
Beneficial effects of dipyridamole in experimental diabetic nephropa-
thy. Vallon, V and Osswald. H., Dept. of Pharmacology, University of
Tuebingen, Germany. Nephropathy in insulin dependent diabetes mellitus
(IDDM) is characterized by hyperfiltration proteinuria and hypertrophy of
the kidney. The hyperfiltration could be due to a deficiency of intrarena
vasoconstrictive mechanisms such as adenosine. To increase renal aden-
osine tissue content we studied in the present experiments the effects of
dipyridamole (DIP) treatment in rats which were made diabet by strep-
tozotocin (STZ, 60 mg/kg i.p.). Methods: DIP was administered in
Sprague-Dawley rats (240 —260 g) twice daily via a gastric tube at a dose of
0.5 g/kg. Vehicle treated STZ rats served as controls. Rats were housed in
metabolic cages at day 7, 14 and 21 after STZ to measure urinary protein
excretion (UPE). Body weight, food intake, and fluid balance were also
monitored. At day 28 rats were anesthetized (thiopental 80 mg/kg i,p.) and
prepared for micropuncture to assess kidney glomerular filtration rate
(GFR) as inuline clearance and the tubuloglomerular feedback (TUF)
activity. Results: While 7, 14, 21 days after STZ UPE was enhanced by 88,
123 and 153 % (N = 5) compared to non-diabetic rats, the increase of
UPE was reduced to 82, 66 and 60% (N = 5) in the STZ-DIP group,
respectively. TGF activity was assessed as the difference between stop flow
pressures (ASFP) in the first accessible ioop of the proximal tubule at 0
and at 50 nI/mm perfusion rates of Flenle's loop from late proximal. TGF
was reduced from 8.8 0.7 to 4.7 0.9 mmHg (mean SEM) in the ST2
group compared to non-diabetic rats. DIP restored the TGF response to
normal values (zSFP: 11 1 mmHg). The increase of GFR (14%) and of
kidney weight (24%) in STZ animals was also normalized by DIP. Blood
glucose, body weight, arterial blood pressure were equal among the STZ
and STZ-DIP-groups. Conclusion: Daily treatment with DIP corrected the
early changes in diabetic kidney although blood glucose levels and blood
pressure were unaltered. We suggest that the beneficial effect of DIP on
renal function in early IDDM could be the result of an increase in
adenosine tissue content in the kidney.
Taurine efflux from incubated renal inner medullary (IM) cells follow-
ing reduction of extracellular osmolality. R.O. Law, Dept of Cell Physiology
and Pharmacology, University of Leicester, UK Taurine is the most
abundant amino acid among the volume-regulatory organic osmolytes in
rat IM (Nakanashi et a!. (1991) Am. J. Physiol. 261, F957). While much
attention has been paid to mechanisms by which osmolytes accumulate
during antidiuresis, thereby limiting cell shrinkage, less is known about the
control of efflux, which should counteract the tendency of cells to swell
when interstitial fluid op. falls during diuresis. The efflux of 3H-taurine
from cells has been studied in pre-loaded slices of rat IM. When
incubatory medium osmolality was reduced from 720 to 360 mosmol/kg, k
for net cellular efflux increased from 0.62 0.08 (12) to 1.03 0.07(11)
x i0' sec1 (P < 0.005) and steady-state cell volumes (slice non-sucrose
space) increased non-osmetrically from 3.55 0.13(10) to 3.96 0.12(10)j.d/mg thy wt (P < 0.05). Increase of taurine efflux was impaired, with
further significant cell swelling, in the presence of DIDS (an inhibitor of
anion transport, 50 ELM) or TFP (an inhibitor of calmodulin activation, 50
or by the omission of external Ca. Neither variable was affected by
omission of Na or Cl (NMG or isethionate substitution) or by raised
external K. Volume-regulatory taurine efflux in IM cells thus appears to
share several of the properties seen in hyposmotically swollen ascites
tumour cells (Lambert (1985) Molec. Physiol. 7, 323) and cerebral cortical
cells (Law (1994) Biochim Biophys Acta 1221, 21—28).
Development of sorbitol pathway in rat kidney during the perinatal
period. E. Delaval, N Freund, B. Prieur, J. Bismuth, J.P. Geloso. Inserm
U319, Universite Paris 7, France. In adult kidney, the capacity of medullary
structures to generate concentrated urine is linked to the capacity to
generate intracellular osmolytes by polyol pathway. Sorbitol, one of these
osmolytes, is produced from D-Glucose in a NADPH dependent reduc-
tion catalyzed by aldose reductase (AR) activity. We studied changes of
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sorbitol pathway in papillaiy homogenates of rat kidney during develop-
ment, from the last day of gestation to one day after birth. During this
period, urine osmolality was unchanged and about 300 mosmo/l. AR
activity was determined by fluorometric assay using glyceraldehyde as a
substrate and the sorbitol content by colorimetric method. AR activity was
low in fetal papilla (0.63 0.07 gMg.h), doubled one day after birth (1.36
0.09 .rmoVmg) when the value remained lower than the adult one (18.1
+ 1.9, umollmg). A low sorbitol content was observed in fetal as well as
neonatal papilla (<10 gig/mg prot.) when compared to the adult (97 2
ag/mg prot.). These results demonstrate that the papilla has very low
capacity to produce sorbitol during the perinatal period. The increase in
AR activity without any change in urine osmolality indicates that the
maturation of this enzyme is not dependent on osmotic stimulation. The
effect of hyperglycemia on sorbitol pathway is now under investigation.
Organic osmolytes along the nephron in meriones shawl. M. Schmolke,
A. Hus-Citharel, 0. Levillain, Ti Chen, G. Moeckel, W. G. Guder, F. Morel,
Institut f Klinische Chemie, Stadt. Krankenhaus Munchen Bogenhausen,
Munich, Germany and Laboratoire de Physiologie Cellulaire, Collbge de
France, Paris, France. The intrarenal distribution pattern of the four major
organic osmolytes inositol (mo), sorbitol (Sor), glycerophosphoryicholine(GPC), betaine (Bet) and taurine (Tau) was analyzed in kidneys of the
desert rodent Meriones Shawi. Animals held in hydrated (Uo,mo = 2
osmol/kg H20) and dehydrated state (Uosmo = 6 osmol/kg H20) were
investigated. Osmolytes were quantitated either in slices of four different
kidney sections by HPLC or in single microdissected tubule segments
along the nephron by a bioluminescence method. Each osmolyte showed
a different distribution pattern along the corticopapillary axis. The pre-
dominant osmolytes in cortex, outer and inner medulla and papilla were
Bet, mo, GPC, and Sor, respectively. Taurine was found in all sections.
Total organic osmolytes, when calculated to cellular water, were 30 mmol/l
in cortex up to 1000 mmol/l in papilla. Water deprivation increased Sor
and Bet, but had no effect on mo and GPC. The distribution pattern of Ino
and Sor was confirmed in single nephron segments. mo decreased and Sor
increased along the medullo-papillary axis. The results lead to the
conclusion that Bet and Sor are used as intracellular organic osmolytes to
form a concentrated urine in Meriones Shawi.
A new look at the membrane surface of renal epithelial cells. C. Le
Grimellec, E. Lesniewska, C. Cachia, J.P. Schreiber, F. de Fornel, iP.
Goudonnet, INSERM U251 Paris, Laboratoire de Physique du Solide, URA
CNRS 785, DiJon. The atomic force microscope (AFM) is a scanning
probe microscope that offers the possibility to image soft surfaces in
aqueous environment with lateral resolution down to 1-50 nm. The
membrane surface of MDCK cells and of OK cells grown as confluent
monolayer was imaged with the AFM. The surface topography of dried
cells determined by this approach was consistent with electron microscopy
images previously reported. Fixed and living cells in aqueous medium gave
more fuzzy images, likely due to the presence of the cell glycocalix.
Treatment of living cells with neuraminidase, allowed submicrometer
imaging. Protruding particles, 10 to 60 nm X y size, occupy most of the
membrane surface. Protease treatment markedly reduced the size of these
particles indicating they corresponded to proteins. Tip structure effects
were probably involved in the exaggerated size of imaged membrane
proteins. Although further improvements in the imaging conditions,
including tip sharpness, are required, AFM already offers the unique
possibility to image proteins at the membrane surface of living renal
epithelial cells.
MDCK cells show properties of collecting duct intercalated cells.
W Pfalle,, R. Schneider, M. Krall, H. Dietrich, Departments of Physiology,
Biochemistry and Exp. Pathology University of Innsbmclc, Austria. Several
properties, expression of carbonic anhydrase activity as well as the
presence of peanut lectin (PNA) and wheat germ agglutinin (WGA)
binding cells are found in MDCK monolayers comparable to B-interca-
lated (PNA pos.) and principal (WGA pos.) cells of the rabbit cortical
collecting duct. In addition HC03 and omeprazole inhibitable H
secretion (Pfiugers Arch. 416: 540, 1990), indicative for the existence of a
K/H-ATPase has been described. Exposure of cultures to hyperosmolar
(48h, 600 mosmol/l) and acidic (pH 6.5) medium, simulating the environ-
ment of the inner stripe of outer medulla, leads to phenotypic adaptation
of cells, a reduced PNA binding and a higher frequency of acid secreting
cells (Cell Physiol Biochem 3: 56, 1993), which would correspond to
A-intercalated (A-IC) cells. In order to prove the increased number of
A-IC cells in hyperosmotic and acidic MDCK cultures, poly- and mono-
clonal antibodies (AB) against vacuolar H-ATPase (31, 56, 70 kD
subunit) as well as polyclonal AB's against synthetic peptides based on the
N-terminus of rat gastric H/K-ATPase a-chain and hog /3-chain, as well
as on 2 different synthetic peptide sequences of the hog enzyme /3-chain
facing the extracellular space, were applied to both isotonically, and
hypertonically and low pH-treated MDCK monolayers. Only for the
monoclonal AB against H-ATPase a faint reactivity could be recovered
under iso- and hypertonic culture conditions by immunofluorescence. The
polyclonal AB's against rat and hog K/H-ATPase a- and /3 chain
aminoterminal sequences, respectively, react under both culture condi-
tions. Electron microscopic immunocytochemistry demonstrates that HI
K-ATPase is confined to two different cell types. Immunoreactivity is
found in either the apical or basolateral cell membrane and a submem-
braneous compartment. For hypertonically and low pH grown cultures the
K/H positive cells are distributed more homogeneously and are in-
creased in number. Expression of K/H-ATPase will additionally be
confirmed by Northern blot analysis. This finding is in support of the view
(1) that MDCK epithelia rely on K/H-ATPase as H extrusion
mechanism and (2) that under culture conditions reflecting the renal outer
medullary environment MDCK cells may respond with enhanced forma-
tion of A-IC cells and apical acid secretion, respectively.
Proximal tubule gp330 binds and mediates endocytosis of aprotinin. No
binding of analogues with certain basic amino acid substitutions. 'S.K
Moestrup, 2. Bregengaard, 2S. BjØm, 3E.I. Christensen 1lnstitute of Medical
Biochemistry and 3Department of Cell Biology, Institute of Anatomy, Uni-
versity of Aarhus, Denmark and 2Novo Nordisk A/S, Biopharmaceuticals
Division, Gentofte, Denmark Aprotinin is a serine proteinase inhibitor
used in antifibrinolytic therapy. After intravenous administration this
small basic protein is known to accumulate in lysosomes of proximal
tubules and nephrotoxic effects in animal models have been observed. In
the present study, the renal handling of aprotinin and analogues has been
investigated by studying the 1) renal uptake and urinary excretion in rats,
2) uptake and degradation in the rat carcinoma cell line L2, 3) binding to
rat renal cortex cryosections and 4) displacement of ligand binding to the
purified receptor, gp330. The data shows that renal uptake of aprotinin is
accounted for by a calcium dependent binding to gp330, which is an
endocytosis-mediating receptor in the proximal tubule epithelium (Chris-
tensen et al. 1992,3. Histochem, Cytochem. 40: 1481, Moestrup et al. 1993,
3. Biol. Chem. 1993, 268:16564). Binding and uptake of aprotinin is, as for
other gp330-ligands, inhibited by receptor-associated protein (RAP). Data
of recombinant analogues revealed that certain basic amino acid residues
(e.g. Lys46) but not the high net charge per se is essential for binding to
gp330 and renal uptake. In addition, these data provide further evidence
for a general role of gp330 in the endocytosis of filtered proteins with
certain basic regions.
Mechanism of vasopressin action during kidney development. MN.
Zelenina, SM. Zelenin. Institute of Cytology and Genetics, Siberian Branch
of Russian Academy of Sciences, Novosibirsk Gr,-protein a-subunit (G,)
and actin gene expression has been investigated in the kidney papilla in
rats of different ages. Activity of the genes has a complex ontogenetic
pattern with maximum on 5—8-th day of life and at the end of weaning
(25-th day). and actin mRNA content at these ages is higher than that
in adult rats. Developmental dynamics of and actin gene expression is
parallel to the age-related changes in binding and catalytic activity of
papillary cytosolic cAMP-dependent protein kinases. The coincidence of
ontogenetic patterns of the different components of vasopressin action
mechanism seems to reflect the formation of integrated system of the
hormone stimulus realization.
Changes in mitochondrial ATP-synthase in developing rat kidney.
B. Prieur, Lossouarn L., Bismuth i and E. Eelaal. Inserm U319, Universite
Paris Z France. In developing rat kidney, mitochondrial oxidative capac-
ities increased during the last three days of gestation (+25%) and during
the first day after birth (+70%). ATPsynthase (F1ATPa5e), one of the
mitochondrial respiratory chain complexes, was studied from day 19 of
gestation to 1 day after birth. We determined the enzymatic activity of
FATPase by colorimetric assay and the mitochondrial content by West-
ern blot and immunoblotting analysis. Between days 19 and 21 of
gestation, the activity increased from 239 24 to 293 21 nmol
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Pi/min.mg prot. (P < 0.05), the mitochondrial content showed a similar
evolution (+15%). One hour after birth, the activity declined to 196 12
nmol Pi/min.mg prot. without any change in the content. This inhibition
could be due to the high level of glycolysis at this time. Between 1 and 24
hours after birth, an increase of both F1ATPa5e activity and content
occured (+80% and +25% respectively) which could account for the
marked increase observed in mitochondrial atp concentration (+90%).
This ATP could be used for the postnatal development of the renal Na/K
ATPase activity (+30%). In conclusion, mitochondrial oxidative capacity
enhancement, one day after birth, seems to depend on de novo protein
synthesis of one main complex of the respiratory chain.
The transcription of Na,K-ATPase gene is directly regulated by glu-
cocorticoids in infant rat kidney. G. Celsi, Z. -M. Wang, M Yasui.
Karolinska Inst, Pediatric Unit, Stockholm, Sweden. We have previously
shown that glucocorticoids (GC) can modulate the maturation of rat
Na,K-ATPase mRNA in a tissue-and age-dependent manner. Rats were
treated with a single i.p. injection of betamethasone. Threshold dose was
2 g/100g body weight and saturating dose, used in subsequent experi-
ments was 60 jg/100g. In the kidney the most prominent effect on
Na,K-ATPase mRNA was found at 10 days of age, and in the lung the
most prominent effect was found in late fetal life, gestational age 20 days.
Pretreatment with cycloheximide, an inhibitor of protein synthesis, did not
abolish the increase in renal Na,K-ATPase mRNA after GC. The Na,K-
ATPase al and, 131 gene transcription rates were significantly increased in
nuclei isolated from kidneys of GC treated rat. Interaction between
nuclear proteins and Na,K-ATPase al promoter was studied by gel
retardation assay. Nuclear protein from glucocorticoid treated rats re-
tarded a fragment of al promoter including a half-consensus GRE
(glucocorticoid response element) at position —750 bp but did not retard
a fragment including a half-consensus GRE at position —481. Retardation
of a! promoter was inhibited by incubation with a molar excess of GC
responsive element (GRE) or with a monoclonal antibody against GC
receptor. In some protocols, infant rats were pretreated with EEDQ, a
catecholaminergic receptor blocker. Pretreatment with EEDQ inhibits the
increase in renal Na,K-ATPase mRNA following GC. Chemical sympa-
thectomy by 6-OH-dopamine did not abolish the GCdependent increase
in Na,K-ATPase mRNA. We conclude that in the infant rat GC directly
stimulates the transcription of al and j31 Na,K-ATPase subunits. It is
likely that the acquisition of GC responsiveness in infant tissues is
regulated by an auxiliary transcriptional factor. We suggest that the
expression and/or activation of the auxiliary factor is dependent on a
locally produced catecholamine.
Effect of inhibition and stimulation of salt transport on DNA-synthesis
in distal nephron segments. J. Loffing, M. Le Hir, B. Kaissling; Anatomis-
ches Institut, Universitdt Zurich, CH. We studied the effect of altered
transport activity on DNA-synthesis in distal nephron segments. Young
adult male wistar rats were treated via an osmotic minipump, with
furosemide (12 mg/24 hs) as previously described (Kaissling and Stanton,
Am. J. Physiol. 255,F 1256,1988), and simultaneously with bromodeoxyuri-
dine (BrdU; 5 mg/24 hs). The first inhibits salt reabsorption in the thick
ascending limb (TAL), whereas salt delivery to the downstream segments
is increased; the latter is incorporated into DNA during S-phase and can
be visualized in cell nuclei by immunocytochemistry. Control animals
received BrdU exclusively. The kidneys were perfusion-fixed after one and
after three days of treatment. In cryostat sections of 5 ILM thickness we
assessed the labelling index (LI; number of BrdU-labelled nuclei/1000
nuclei per segment) for the medullary part of the TAL, for the distal
convoluted (DCT)-, the connecting (CNT) tubule and the cortical collect-
ing duct (CCD).—Striking structural changes after one and three days of
treatment were absent in the TAL, whereas the successive segments
revealed after three days treatment a similar structural hypertrophy, as
observed in previous studies. In control animals the LI was nearly similar
for all studied segments (day 1 (N = 5):15% o 2; day 3 (N = 4): 81%o
6; mean SEM). After one and three days of furosemide-treatment the
LIs for the respective segments were changed by the following factors
(mean SEM):
day mTAL DCT CNT CCD
1 (N = 5) 0.15 0.05 3.12 0.99 1.92 0.61 2.81 0.94
3 (N = 4) 0.31 0.07 7.64 0.18 5.42 0.07 4.37 0.18
The data demonstrate that 1. structural adaptation to increased sodium
transport rates is associated with a significant increase in DNA-synthesis
and thus, with cell proliferation in addition to cellular hypertrophy;
2. inhibition of sodium transport (in the medullary TAL) attenuates cell
proliferation.
Functional expression of an exogenous Na/K-ATPase 0-subunit in
differentiated A6 kidney cell epithelia. J. Beron, F. Verrev, Physiologisches
Institut der Universitat Zurich, CH-8057 Zurich. The Na/K pump produces
the driving force for the transport of Na across distal kidney epithelial
cells. It has been proposed that the modification of its function could play
a role in the hormonal regulation of Na transport (Beron and Verrey, Am.
J. Physiol., in press). As a first step in establishing a system to test the
function and regulation of exogenous pumps in the context of a differen-
tiated epithelium, we transfected Xenopus laevis A6 kidney cells with the
Bufo marinus ni-subunit (al-TBM) eDNA. The expression of the exog-
enous subunit conferred to the transfected cells a higher resistance to
ouabain, so that stable transfectants could be selected with ouabain.
Expression of the al-TBM subunit was tested by Northern and Western
blot analysis and by [3Hjouabain binding. Approximately half of the
positive cell lines showed a high electrical resistance when cultured on
filters. The transepithelial Na-transport activity (measured as amiloride-
inhibitable short-circuit current I) was regulated by aldosterone and
antidiuretic hormone as in monolayers of untransfected cells. However,
the of these transfected epithelia was inhibited by 1.2 jiM ouabain (the
concentration used for selection). To test the function of the pumps
containing the exogenous al-subunit, the Na/K pump current was mea-
sured in the presence of apical amphotericin B. Maximally 8% of the total
pump current was resistant to cardiotonic steroids and showed a K1 for
strophanthidin of approximately 30 jiM. This K1 is 150 to 200fold higher
than that of the endogenous pumps but 2 to 4-fold lower than that
measured in Bufo marinus TBM cells. We conclude that a ouabain-
resistant Na/K-ATPase al-subunit can be used as a selective marker for its
continuous expression in A6 cells and that the function of this subunit can
then be tested in differentiated epithelia grown on filters.
A low-conductance Ca2-activated K channel in the apical membrane
of human colonic T84 cells. S. Huber, R. Maul, M. Horster, Institute of
Physiology, University of Munich, Germany In the mammalian colon
Ca2-induced transcellular K secretion is thought to involve K channels
in the apical plasma membrane of the epithelial cells. To identify these
secretory K channels, single channel patch clamp recordings from the
apical membrane of confluent T84 monolayers were performed. Stimula-
tion of the Ca2 signal transduction pathway of intact cells by 50 nM
bradykinin resulted in the activation of low conductance K channels
within a 3 mm mean period of incubation (22°C). In the excised patch
mode these channels exhibited a mean conductance of 9 pS (at 0 mV
holding potential, KCI bath- and Na-gluconate/NaCI pipette solution),
and an inwardly rectifying current/voltage relation. The decrease of the
EGTA-buffered free Ca2 concentration from 100 nM to 10 nM at the
cytoplasmic side of the excised patch induced a reversible inactivation of
the channels. This Ca2-induced activation, which occurs within the
putative physiological range of the cytoplasmic free Ca2 concentration,
and the expression of the low conductance channels in the apical
membrane of T84 cells suggest a possible involvement of this channel type
in the colonic K secretory pathway.
Effect of cell culture medium on isolated rabbit proximal tubule:
Altered action of acetazolamide on Na-HCO3 cotransport. S. Coppola, E.
Fromter, Zentrum der Physiologie, Universitdtsklinikum Frankfurt/Main,
FRG. As evidenced by low cell membrane potentials (Vm) and high cell Na
concentrations, isolated renal proximal tubule preparations suffer from
metabolic disturbances. This can be overcome by incubation in cell culture
media such as DMEM which raises LVm from —49.5 1.6 to —64.9 2.0
mV (N = 23), i.e. to values similar to those observed in rat in vivo. We
have now investigated whether the metabolic changes affect Na-HCO3
cotransport. We measured the Vm response to sudden 10:1 reduction of
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bath HCO3, (A Vm)t. It averaged +39.7 1,3 mV (N = 6) under
control conditions and +45.5 5.6 mV under DMEM. Application of 1
mmol/1 acetazolamide (ACZ) in the control state left (A Vmm)t..
unchanged and caused a fast transient overshooting repolarization (initial
rate 3.3 0.5 mV/s). By contrast, under DMEM ACZ reduced (A Vm)t
to +26.6 3.8 mV and greatly slowed down the repolarization to 0.6
0.01 mV/s, a response type also seen in vivo. The data indicate that the
metabolic conditions influence the transport mode of Na-HCO3 cotrans-
port, so that HCO3 effiux becomes sensitive to membranebound carbonic
anhydrase. This probably reflects a change in the Na: HCO3 coupling
stoichiometiy with subsequent build-up of local transmembrane pH
gradients.
Effects of cell volume on pH of acidIc cellular compartments. G.L.
Busch, H. Volki, D. Haussinge, F. Lang Department of Physiology, Univer-
shy of Tubingen, Germany. A variety of metabolic functions are accom-
plished by pH-sensitive enzymes in acidic intracellular compartments
(AIC). These functions thus critically depend on pH in these AIC. Cell
volume changes dramatically influence a variety of metabolic functions.
The present study has thus been performed to elucidate the influence of
cell volume on pH in AIC, utilizing acridine orange and/or FITC-dextran
as fluorescence indicators. The pH of AIC is markedly alcalinized
following cell swelling in proximal renal tubules, Madin Darby Canine
Kidney cells, hepatocytes, alveolar cells, pancreatic B cells, neurons, glial
cells and fibroblasts. Swelling-induced alkalinization of AIC followed not
only decrease of extracellular osmolarity but also increase of intracellular
osmolarity by accumulation of glutamine (hepatocytes) or glutamate (glial
cells) or by accumulation of KCI due to blockade of K channels withBa . The data indicate that pH in AIC is modified by cell volume in a
wide variety of tissues including the kidney. In renal epithelia, this
influence could link cellular metabolism to ion transport. In extrarenal
cells, it could participate in the regulation of such diverse functions as
proteolysis, glycogenolysis, transport, neurotransmitter and hormone me-
tabolism and release.
Diuresis increases the renal papillary pH-gradient between collecting
duct urine and VASA recta. G. Kuramochi U. Kersting, WH. Dantzler, S.
Silbemagl, Department of Physiology, University of Wurzbu,g, Germany. pH
of the collecting duct urine, of descending and ascending vasa recta blood
and of renal artery blood was measured using liquid ion-exchange pH
microelectrodes in the exposed papilla of rat kidney. Urine from the
unexposed kidney was collected, and urine flow and osmolality was
determined. Rats were infused with isotonic rat Ringer at 0.02 mI/mm.
Diuresis was induced by a 10-fold increase of the infusion rate.
control diuresis
pH collecting duct urine 6.03 0.04 (23) 5.05 0.06* (7)
pH descending vasa recta 6.69 0.07 (13) 6.87 0.07 (6)
pH ascending vasa recta 6.54 0.05 (13)** 6.78 0.07* (6)
pH A. renalis 7.31 0.03 (22) 7.20 0.04 (5)
urine osmolality 1501 61(22) 640 39* (9)
(mosmol/kg H20)
urine flow rate (p1/mm) 2.59 0.22 (22) 18.43 3.05 (9)
infusion rate (mI/mm) 0.02 0.2
* significant different from control; ** significant different from the
descending vasa recta (P < 0.05).
We conclude that vasa recta blood acidifies in renal papilla. The renal
papillary pH gradient between collecting duct urine and vasa recta blood
increases significantly during diuresis induced by volume expansion. Since
furosemide-induced diuresis led to similar results in our previous studies
we conclude that the pH changes are caused by the diuresis rather than by
volume expansion.
Intracellular pH in lipid peroxidation in proximal tubular cell of frog
kidney. S. Petrovic and D. Cemerikic Dept. of Pathol. Physiol., Med. Fac.,
Beograd. Intracellular pH was measured in proximal tubule of isolated
doubly perfused frog kidney during 1-3 hours of perfusion with io mol/l
cumene hydroperoxide Ringer. H selective single and double barrelled
microelectrodes were prepared using neutral carrier Fluka proton cocktail
with a slope of —46.0 1.36 mV. Under control conditions at peritubular
membrane potential of —67.4 1.34 mY intracellular pH was 7.65 0.09.
Perfusion of iO mol/l cumene hydroperoxide Ringer for 1—3 hours
depolarized peritubular membrane potential to —27.9 2.67 mV. Intra-
cellular pH during cumene hydroperoxide Ringer perfusion was 7.54
0.02, not different from intracellular pH measured under control condi-
tions. Beside that depolarization of peritubular membrane potential
reduces rheogenic sodium coupled bicarbonate exit, lipid peroxidation in
proximal tubular cell of frog kidney has no effect on intracellular pH.
Role of renal kallikrein in the regulation of bicarbonate excretion. M.
Marin-Grez, P. Valles. Department of Physiology, University of Munich. The
luminal membrane of collecting duct cells is normally exposed to active
renal kallikrein (RK) as a consequence of the main route of RK secretion
from its specific localization in the connecting tubule. To test the
hypothesis that RK acts downstream on intercalated cells and participates
in acid-base regulation we investigated: 1) the relationship between
HC03 excretion and urinary kallikrein (UK), 2) the effect of acidosis on
RK release, 3) the effect of aprotinin on acid-base balance, and 4) the
influence of luminal kallikrein on HC03 secretion. The experiments
were performed in conscious (exp. 1) or barbiturate-anaesthetized rats
(exp. 2—4). 1) HC03 concentration and UK activity in spontaneously
voided urine correlated inversely (r:—0.63, P < 0.0001), and more
significantly when HC03 was expressed per mg excreted creatinine
(r: —0.74, P < 0.00002). 2) Compensated acidosis induced by low dose HC1(0.15 mmol/min iv., 180 mm) did not affect UK excretion, which was
similar to that of time control animals. UK excretion in rats with
uncompensated acidosis induced by high dose HCI (1.5 mmol/min, 30
mm) was increased compared with both the control period of the same
rats (P < 0.01) and the experimental period of time control rats (P <
0.01).3) Intravenous injection of the kallikrein inhibitor aprotinin reduced
UK activity (P < 0.05) and increased HCO3- excretion (P < 0.012). These
parameters were inversely correlated (r:—0.68, P < 0.0001). 4) The
HC03 concentration of urine fractions obtained after retrograde injec-
tion of kallikrein into the distal tubular system was lower than that from
kidneys administered the vehicle (P < 0.001). Similar results were
obtained by anterograde kallikrein injection. We conclude that acid-base
status affects RK release, and that RK participates in the regulation of
urinary HC03 excretion. High luminal activity o the enzyme reduces, and
low activity increases HC03 excretion. RK may be a component of a
negative feedback loop regulating acid-base balance. (Supported by the
DFG).
Decisive factors affecting organic anion excretion by the kidney. Dzurik
R, Ge,ykova M, Spustova V., Inst. Prevent. Clinical Medicine, 83301
Bratislava. Various organic anions (OA) are effectively excreted by the
kidney to prevent their biological effects in organism. When accumulated
in renal insufficiency OA evoke various functional and metabolic alter-
ations. As a result much effort has been spent to elucidate the mechanism
of their excretion, notably by the organic anion transport system (OATS)
in proximal tubular cells.It is activated by dicarboxylic acids. The experi-
ments were performed on rat kidney cortes slices and tissue/medium
(T/M) ratio for PAR was determined. The significant increase of T/M
ratio by glutarate, oxoglutarate and oxaloacetate was confirmed. However,
it was extended to additional oxo-compounds and amino acids. Their
effects were concentration dependent. Some of them were inert. At
maximal stimulation of OATS by the addition of oxoglutarate to incuba-
tion medium and addition of model organic anions transported by the
OATS an unexpected significant increase of T/M ratio was found. On the
other hand decreased oxygen saturation, ouabain or inhibition of glucose
utilization and gluconeogenesis by Mg depletion did not influence the
inrease of T/M ratio. It is concluded that at maximal stimulation of OATS
the limiting step could be a facilitated diffusion at the luminal membrane
of proximal tubular cells.
Extracellular NaCI modulates the actions of adenosine in the thick
ascending limb of Henle's loop. M. Baudouin-Legros, A. Badou, M.
Paulais, J. Teulon. INSERM U.323, CHU Necker, 156, rue de Vaugirard,
75015 PARIS, FRANCE. The medullary portion of the thick ascending
limb of Henle's loop (mTAL) is physiologically bathed by an hyperosmolar
extracellular medium, the concentration of which varies from the papilla
to the cortex. We have investigated the role of adenosine in the control
exerted by extracellular NaCl concentrations on hormone-induced cAMP
and 1P3 productions in suspensions of mouse mTAL obtained by enzy-
matic digestion. We found that both A1R and A2R adenosine receptors
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are present on mTAL cells. Under control conditions ([NaC1] = 140
mmolII) the A1R agonist CHA decreases and NECA, A2R agonist,
stimulates arginine-vasopressin (AVP)-induced cAMP accumulation.
Adenosine exerts an inhibitory action which first dose-dependently in-
creases until 10_6 mol/l, then diminishes. The A1R agonist CPX sup-
presses the effect of CHA and, in the presence of CPX, large concentra-
tions (>10-6 mol/L) of adenosine enhance AVP-triggered cAMP
accumulation. A1 receptors occupancy also activates phospholipase C, as
both adenosine and CHA (inhibited by CPX) stimulate 1P3 production.
Addition of 300 mmoIIl NaC1 to control suspension medium enhances
AVPinduced cAMP accumulation, and this effect is inhibited by adenosine
deaminase. Adenosine is therefore involved in the response of the cells to
increased NaCI concentration. Increased NaC1 concentrations also mod-
ifies adenosine action: under these conditions the A1 inhibitory action
exerted by adenosine and CHA on cAMP accumulation disappears, while
the A2 stimulation subsists. On the other hand, the AIR-induced 1P3
formation is enhanced in NaCl-enriched solution. These results show that
adenosine is involved in the response of mouse mTAL to high NaCl
concentrations. They suggest that NaCl-enriched medium uncouples Al
receptor and the inhibitory G protein and that, in NaC1-enriched
solution, the mTAL responses to AVP are partly mediated by adenosine.
Effects of ICV immunoneutralization of atrial natriuretic peptide
(ANP) on centrally induced natriuresis and on renal excretory function in
conscious Wistar rats. N. Belova, Department of Physiology, Medical
Faculty, Sofia. In order to clari' some mechanisms of the natriuresis
produced by the intracerebroventricular (ICV) microinjection of hyper-
tonic saline we have carried out experiments on 10 conscious Wistar rats
with cannulated third ventricle. All the rats were subjected to the following
separate treatments performed in different experimental days with at least
one day interval in between: A. Controls—rats with ICV microinjection of
2 1ii 0.9% NaCl B. Rats with ICV application of 2 pA 0.86 M NaCl C. Rats
with ICV microinjection of 2 pA antiserum against ANP (AB-ANP)
[Peninsula Labs] and D. Rats with ICV AB-ANP + 0.86 M NaCI on the
third hour of the antibody application. The rats were housed in metabolic
cages and urine was collected for 6-hour periods after the microinjections.
Urine flow rate (V), sodium (UNaV), chloride (UcIV) and potassium (U
V) excretions were evaluated per minute and per 100 g body mass. The
main results are the following:
Groups V(pA) UNAV(nmol) U1V(nmol)
A. 2.85 218.2 331.3
B. 3.5 319.1* 4535*
C. 4.83* 637.0** 761.7**
D. 4.8* 733.0** 680.9**
* P < 0.02 ** P < 0.0001 vs. the controls
These results do not support the idea of central ANP interference in the
regulation of the central natriuresis. The effect of ICV AB-ANP alone is
of great interest as it confirms several recent studies on a putative
antidiuretic and antinatriuretic effect of central ANP.
Characterisation of C-type natriuretic peptide (CNP) receptors in
human mesangial cells. N. Ardaillou, T Zhao, S. Placier, R. Ardaillou.
JNSERM, Paris, France. Our aim was to examine whether the human
glomerulus was a target for CNP and how were distributed A, B and C
receptors of natriuretic peptides (ANPR-A, ANPR-B, ANPR-C) in
glomerular mesangial and epithelial cells. CNP stimulated cGMP produc-
tion in cultured human mesangial and epithelial cells with similar thresh-
old concentrations (1 nM) and maximum effects (basal value x 30 at 1
/LM). In contrast, atrial natriuretic peptide (ANP) was only stimulatory in
epithelial cells. [1251] CNP bound specifically to mesangial cells (KD =
0.47 nM; Bmax = 42 fmol/mg). HS142-1 (100 jLg/mI), a specific inhibitor
of ANPR-A and ANPR-B, suppressed 90% of CNP-dependent cyclic
CMP production whereas it had little effect on [12511-CNP binding
suggesting that C receptors were largely predominant in mesangial cells.
No biological effect of CNP on mesangial cells including change in basal
or angiotensin TI-induced contractility and inhibition of basal or serum-
dependent proliferation could be demonstrated. Intraglomerular localisa-
tion of ANPR-A, ANPR-B and ANPR-C mRNA was studied using
reverse transcriptase-polymerase chain reaction. Amplification products
were identified by their predicted sizes and sequencing. ANPR-A,
ANPR-B and ANPR-C mRNA were present in epithelial cells whereas
only ANPR-B and ANPR-C mRNA were detected in mesangial cells.
Presence of ANPR-C in both cell types was confirmed by Northern blot
analysis. This study indicates that human mesangial cells, in contrast with
epithelial cells, are not a target for ANP whereas both cell types respond
to CNIP and possess clearance receptors.
Micropuncture and clearance study on the tubular site of action of
furosemide. Romano G., Favret G., and Bartoli F. Medicina Intema,
Universita di Udine, 3310 Udine, Italy. Experiments were performed on 55
urine reinfused rats with clearance and micropuncture sampling during
control conditions (B) and after Furosemide (F). Tubular samples were
taken from early distal (ED) and last proximal (LP) sites. Nephron
filtration rate (NFR) was 42.0 1.7 at ED (N = 208) 43.2 1.2 nI/mm at
LP (N = 277, P > 0.56) during B , while % reabsorption (PR) was 86
1 and 71 1 respectively. During F these values were 44.7 2.1 nI/mm
and 79 1% at ED, 41.3 1.2 and 71 1% respectively at LP. In 151
paired collections from LP, percentage (71.7 1.2 vs 71.7 1.2, P = 1.0)
and absolute (30.5 1.1 vs 29.2 1.0 nllmin, P > 0.26) reabsorptions, as
well as NFR (42.5 1.5 vs 41.5 1.4, P > 0.48) were not different in B
and F respectively. In 64 recollections from ED these same values were 86
1 vs 78 2%, 38.9 3.0 vs 39.0 3.3, and 45.8 3.3 vs 50.5 + 4.2
nI/mm, respectively. In 122 paired ED - LP collections during B, NFR
(41.6 2.2 vs 43.6 2.0, P > 0.27) was not different, unlike PR (85 1
vs 70 1, P > 0.0001). In similar paired ED-LP collections from 93
different nephrons during F, these same values were 42.3 2.1 vs 43.2
2.7 (P > 0.7") and 79 1 vs 69 2 (P < 0.0001). GFR was 1154 86
during B, 1209 80 during F (P > 0.50), while urine flow rate rose from
6.2 0.7 to 23.6 1.6 ml/min/100 ml GFR, and Na excretion from 4.5
1.4 to 34.3 4.2 uEq/min (P < 0.0001). Urine osmolality approached
isotonicity to plasma during F (306 7 vs 325 6, P < 0.0001) whether
it was above (antidiuresis) or below it (water diuresis) during B. These
data demonstrate that, in the presence of a large diuretic and natriuretic
effect, the proximal tubular absorption was unchanged by Furosemide.
The percent delivery beyond the proximal tubule (27 1%) was very close
to (24 2%) and significantly correlated (R = 0.52, P < 0.0001) with
urine flow rate during F, indicating that little water absorption was taking
place distally. These data demonstrate also that F inhibits Na, but not
water absorption along the thick ascending limb of Henle's Loop. The
tubular fluid delivered to the distal tubule is isotonic during F, and no or
little volume flow is driven across the distal epithelium because of the
absence of an osmotic gradient.
The natriuretic effect of arginine vasopressin? J. C. Atherton, and J.
Plange-Rhule. School of Biological Sciences, University of Manchester, UK
Despite many in vivo demonstrations of the natriuretic effect of AVP,
there is still controversy as to whether this is a physiological effect of the
hormone or is consequence of the accompanying body fluid volume
expansion arising from the experimental protocols adopted, eg. un-
changed infusion rate during AVP-induced reductions in urine flow. We
have investigated this possibility in conscious Sprague Dawley rats in
which a stable water diuresis was induced and maintained prior to AVP
infusion (24 *U.min). In all rats, a computer driven servo-controlled
infusion apparatus was used to match infusion rate to urinary output on a
minute-to-minute basis from the start of AVP infusion. In Group I rats (N
= 10) when body fluid volume expansion did not occur, AVP did not
increase sodium clearance (CNa; 10.2 2.0 vs 9.4 2.1,d.min). In
Group II rats (N = 9) with body fluid volume expansion (8 ml, 2.5%
dextrose over 60 mm) during AVP infusion, CNa increased from 7.9 1.4
to 22.1 6.3 al.min' (P <0.01). In Group III rats (N = 9) body fluid
volume was expanded as in Group II but AVP was not given. CN
increased from 7.6 1.3 to 19.5 6.8 1.d.min (P < 0.01)—changes
identical to Group II rats. Thus the natriuretic effect of AVP appears to be
due to the experimental artefact of body fluid volume expansion and, as
such, does not reflect a physiological effect of the hormone.
Effects of peptide tyrosine tyrosine (PYY) on renal function: A potential
mediator of post-prandial natriuresis? * J. Calam, # G. Capasso, +S.
Mehta, *R. Playford, +R + Unwin, Depis. Gastroenterol. & Nephrol.,
*Hammersmith and + Univ. CoIl. Hospitals, Univ. London, UK and #Sec-
ond Univ. Naples, Italy. PYY is a 36-amino acid gut-derived (ileum and
colon) antisecretory peptide that is released into the circulation after
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ingestion of food, especially fat; blood levels are increased in diarrhoea. It
is structurally related to the circulating hormone pancreatic polypeptide
and the co-noradrenergic neurotransmitter neuropeptide Y (NPY). It
binds to a common PYY/NPY receptor, which has been found in the
kidney of several species, including man, located in the proximal tubule,
juxtaglomerular apparatus (JGA) and collecting ducts: PYY has a greater
affinity for these receptors than NPY and may be an important physio-
logical ligand. Therefore, we performed renal clearance studies in 6
anaesthetised male rats and 6 normal male human volunteers during i.v.
infusion of porcine and human PYY, respectively. Circulating plasma
concentrations achieved in the anaesthetised rats were pharmacological
(10 pmol.kg.min; 199 11 pmol.l1), but levels were physiological,
approximating reported post-prandial (0.4 pmol .kg.min'; 34 4
pmol.l ) and diarrhoeal (1.2 pmol. kg.min' ; 55 6 mol.l') concen-
trations in man. The main finding was a dose-related increase in fractional
sodium excretion, which was independent of GFR (inulin clearance) in
both species (+ 125%, + 19% and +34%, respectively; P < 0.001). Frac-
tional potassium excretion in creased slightly in the rat (+11%; P <
0.05),but not in man; there was a small increase in fractional lithium
excretion in man (+8% and +5%, respectively; P < 0.05), but not in the
rat. In man, PYY suppressed plasma renin activity (—33% and —32%,
respectively; P < 0,001) and plasma aldosterone levels (—44% and —32%,
respectively; P < 0.01). blood pressure was not affected, in conclusion,
PYY's renal actions can occur at physiological circulating concentrations
and appear to be mainly on the distal nephron and JGA.
Renal excretory and endocrine function in conscious Brattleboro rats
after bilateral chronic carotid sinus deneration (CSD) and atrial nati-i-
uretic peptide (ANP) infusion. T Avramova, A. Logofetov, R. Girchev, N.
Natcheff V. Kalaidgieva*, Dept. Physiol., Medical Faculty, Sofia; Dept.
Physiol., Higher Medical Institute, Stara Zagora * Urine flow rate, sodium,
potassium, chloride, osmolality and erythropoetin (EPO) were investi-
gated in chronically cannulated rats with hereditary hypothalamic diabetes
insipidus (Brattleboro) during ANP infusion (100 ng/min/kg b.w.) divided
in two groups: control and with carotid sinus denervation. ANP infusion
increases sodium (P < 0.01), potassium (P < 0.001) and chloride (P <
0.001) excretion. Infusion of ANP after CSD increases to a lesser extent
sodium, potassium and chloride excretion in comparison with the control
group. Urine flow rate increases significantly in control and CSD groups.
Urine osmolality remains unchanged in both groups. ANP infusion
increases EPO from 12.14 0.71 to 26.00 4.25 lU/mi (P < 0.001) while
there are no changes in EPO after CSD and ANP infusion (25.22 3.26
lU/mi). In conclusion: The effect of ANP on renal excretory function is
better pronounced when the carotid sinus is intact, Regulatory mecha-
nismes arising from the carotid sinus have no important effect on EPO
after ANP infusion.
Relation of hyaluronate hydrolases TO vasopressin effect in amphibian
urinary bladder. N.N. Melidi L.N. Ivanova, Cytology & Genetics, Novos-
birslç Russia. Some years ago it was observed that in the mammalian
kidney vasopressin induced the increase in the hyaluronate hydrolases
(XII) activity followed by the destruction of the interstitial glycos-
aminoglycans. The aim of this study was to investigate the effect of AVP
(50 nM, Sigma), forskolin(32 KM), cytochalasin B(50 tM and glutaralde-
hyde (1%) on net water flow and HH activities (hyaluronidase, b-
glucuronidase, N-acetyl-/3-d-hexosaminidase) in the amphibian urinary
bladder. A 20-mm exposure of incubated frog urinary bladders to AVP
was found to increase the net water flow simultaneously with the enhance-
ment HH activities in the bladder tissue and in the Ringer solution inside
the bladder. The treatment of the urinary bladder by forskolin resulted in
the same changes of HH activities. Cytochalasin (specific inhibitor of actin
filament elongation) and glutaraldehyde (fixator of the cell membranes)
blocked the hydrosmotic response to AVP; in this case the HH activity
increased in the bladder tissue but not in the Ringer solution. The results
obtained confirm the involvement of HH in the AVP effect. We suggest
that the hormone induces the lysosomal enzymes activation and their
exocytosis by cAMP-dependent mechanism.
Effects of SITS and DIDS on anionic transport in peritoneal mesothe-
hal cells. S. Marek; J. Knapowski, Department of Pathophysiology, K
Marcinkowski University Medical School, Poznan, Poland. Electrophysi-
ological studies were performed on pieces of the rat diaphragmatic
peritoneum mounted in Ussing chambers. The peritoneal mesothehium
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has proven low resistance (R) and potential difference (PD) with positive
charge on the apical side. Two stilbene derivatives—SITS and DIDS (1
mM/L) were given to find out if they can block anion transport. Both of
them have shown significant decrease of PD (19% & 11%) and R (39 %
& 55%), respectively. Also streaming potential impelled by osmotic
gradient 100 mOsmJL on the apical side has diminished by 25 % after
adding of the agents. This electrophysiological analysis of the peritoneal
mesothelium might imply that the transceliular pathway in this "leaky
membrane", plays a role in the effectiveness of the peritoneal dialysis.
Site of action of vasopressin-induced lithium reabsorption. D.J. Shirley,
S.J. Walter, B. Sampson, Departments of Physiology and Chemical Pathol-
ogy, Charing Cross & Westminster Medical School, London, U.K Recent
studies have reported that the vasopressin analogue dDAVP reduces the
fractional excretion of lithium (FELi), but the nephron site responsible is
unknown. In order to address this issue, we have used free-flow mi-
cropuncture in brattleboro rats which lack endogenous vasopressin.
Anaesthetized brattleboro rats, prepared for micropuncture and kept in
water balance, were infused with either dDAVP (40 pg/mm) or vehicle,
and collections were made from superficial late proximal and early distal
convolutions of superficial nephrons.
Fractional lithium
Late proximal
delivery (FDLI)
Early distal FE
Control (N = 7)
dDAVP (n—7)
0.55 + 0.02
0.54 0.01
0.34 + 0.02
0.29 0.02*
0.28 0.01
0.23 + 0.02*
The results (see table) show that dDAVP had no effect on FDLI at the late
proximal convoluted tubule, but reduced FDLI at the start of the distal
tubule sufficiently to account for the reduction in FEL. These data suggest
that dDAVP stimulates Li reabsorption in one or more of the loop
segments.
Comparison between the acute effects of Nifedipine and Nicardlpine on
renin-angiotensin-aldosterone system. A. Tolekova, Parvanova G., Ilieva,
A. Logofetov. A. Dragov, Department of Physiology, Department of Pharma-
cology", Higher Medical Institute—Stara Zagora, Bulgaria. This study
presents an examination of the acute effects of Nifedipine and Nicardipine
on Renin-Angiotensin-Aidosterone system. The experiment was earned
out on 66 rats (Wistar line). The animals were grouped as follows: 1—18
controls; II, Ill, IV, V (12 rats in each group) were divided in two
subgroups—A and B. The rats from all A subgroups were treated with
Nifedipine—20 mg/kg/b.w. i.p. and the rats from all B subgroups were
treated with Nicardipine 20/mg/kg/b.w. i.p. The second group was inves-
tigated on the 1st hour, the third—on the 3rd hour, the fourth—on the 5th
hour and the fifth group—on 7th hour after treating. Plasma Renin
activity (PRA), Plasma aldosterone concentration (PA); the red blood
cells count, hemoglobin, hematocrit; plasma glucose, Ca2, Na, K
concentrations were examined. Nifedipine produces an increase of PRA
and PA (P < C0.001) at the 1st and the 3rd hour (PRA—10.9 2.5, 16.9
1.8; PA - 1110 32.2, 808.75 74) as compared with the controls
(PRA—5.8 1.6; PA 285.8 86.2). Nicardipine induces PRA and PA
elevation (P < 0 001) in all groups (PRA—28.1 8.7, 30.83 5.6, 36.28
3.8, 18.3 5.g; PA— 1583.3 201.7, 1166.7 206.6, 966.7 234.4,
666.7 50.9). These data demonstrate time-dependent changes in
Renin-Angiotensin-Aldosterone system, as the effect of Nicardipine on
hormonal production is more potent and more prolonged then this of
Nifedipine.
The dynamic changes of Renin-angiotensin-aldosterone system and
Erytropoietin in short-time treatment ith Nifedipine. A. Logofetov, G.
Ilieva, A. Tolekova, A. Pa,vanova , V. Kalaidliova, A. Dragov, Department
ot Physiology, Department of Pharmacology* Higher Medical Instituts - Stara
Zagora, Bulgaria. Calcium is a second messenger in the secretion of many
hormones, The aim of our study was to investigate the effects of calcium
channel blocker Nifedipine on the Renin-Angiotensin-Al-dosterone sys-
tem in short-time treatment, Nifedipine was given 40 mg/kg/b.w. i.p. The
experiment was carried out on 76 male rats Wistar line, grouped as
follows: la controls; 11-10 111-6 IV-6; V-8 rats, investigated respectively at
the first, the third, the fifth, the seventh hour after treating, Vl- 10 rats,
Means SE. * P <0.05 compared with control group.
684 Abstracts
injected 3-fold in intervals of 12 hrs studied one hour after last treating;
VIl-lO rats, exposed to hypobarric hypoxia for 15 hrs; Vl11-8 rats, treated
in the same manner as the Vl-th group and exposed to hypoxia for 15 hrs.
Plasma Renin activity (PRA), Plasma Aldosterone(PA) and Plasma
Erythropoietin (PE) concentrations; the count of red and white blood
cells; plasma glucose, Ca2, Na, K concentrations were examined. In
the groups, treated with Nifedipine PRA, PA and PE were increased
(pU/mi). The values of the PRA were from 11, 4,6 to 25 11,7 ng/mlJh;
PA-from 1080 165 pg/mI to 435,9 pg/mI; PE from 26,2 9, 2 to 36,7
4 mU/mI. The values of the PRA,PA and PE at the last two groups were
increased (P < 0.05). The changes of the hormonal concentrations were
time-dependent. The decreasing of intracellular calcium under the influ-
ence of Nifedipine obviously stimulates the Renin and Eiythropoietin
production, which correlate with increased Aldosterone secretion
Effects of compounds accumulating during chronic renal failure on
cardiac myocyte function. W. Schoeppe, D. Weisensee, B. Koch, I. Low-
Friedrich, Department of Nephrology, Center for Internal Medicine, Univer-
sity Hospital, 60590 Frankfurt/Main, F.R.G. Patients suffering from chronic
renal failure frequently develop cardiomyopathies after several years of
hemodialysis (HDT). The origin of this heart failure is controversely
discussed and difficult to investigate in situ. We studied the influences of
sera derived from HDT patients (uremic sera) as well as single compounds
on cultured mouse cardiomyocytes. For the assessment of contractility
parameters like frequency, rhythmicity and inotropy the cardiomyocytes
were perfused with defined culture media at constant flow and tempera-
ture. Synthesis of heat shock proteins (HSP7O) reflects a physiological cell
response to a metabolic stress. Detection of HSP7O was performed using
the western blot technique with specific anti-HSP7O-antibodies or by
autoradiography. Results: 1 mm creatinine induced arrhythmias and a
decrease in contraction frequency to 84.6 9.1%, 20 mm urea reduced
inotropy by 40% compared with controls. Perfusion with "uremic sera"
(2,5 %) resulted in a complete transient cessation of myocyte contractions,
followed by 30-40% reduction of inotropy. Neither creatinine nor urea nor
uremic sera stimulated the synthesis of HSP7O. Cytokines (10 U/ml IL-1j3,
iO U/mI IL-2) which are elevated in the sera of HDT patients provoked
severe impairment of contractility with temporarily ceased contractions in
our perfusion test system. They also induced distinct HSP7O bonds after 4
hours. Conclusion: These results suggest that metabolites present in HDT
patients might directly lead to cardiac disturbances affecting cardiac
functions like contractility.
Transport of tracer albumin (RISA) and labelled red cells from the
peritoneal cavity to the blood in the rat. Role of diaphragmatic, visceral
and parietal pathways. B. Rippe, El Rasheid Zakaria, 0. Simonsen,
Departments of Physiology and Nephrology, University Hospital, Lun4
Sweden. This study aimed at assessing the role of diaphragmatic, visceral
and parietal peritoneal lymphatic pathways in the drainage of 1I-albumin
(RISA) and '1Cr-labelled red cells from the peritoneal cavity (PC) to the
plasma during peritoneal dialysis in Wistar rats (—300 g). 16 ml of lactated
Ringer's with 1.36% glucose was used as dialysis fluid. The clearances of
RISA and of red cells out of the PC as well as their peritoneal to plasma
clearances were assessed by repeated sampling (10-25d) of dialysate and
plasma during the dwell (200 mm). Evisceration was performed in one
group of rats, a second group of rats serving as control. In a third group
of rats the diaphragm was sealed using histo-aclylate glue, and the animals
put on artificial respiration. A fourth group was subjected to both
evisceration and diaphragm sealing, and in yet another group this proce-
dure was combined with sealing of the anterior abdominal wall. Eviscer-
ation caused the RISA clearance to the plasma to fall from 7.69 0.44
(SE) (N = 10) to 5.76 0.43 p1/mm (P < 0.01) (N = 7). The peritoneal
clearance of red cells, 2.48 0.20 jd/min at control, was not affected by
evisceration. Sealing of the diaphragm caused the peritoneal to blood
clearance of albumin to fall to 3.29 0.17 p11mm (N = 7) from control (P
< 0.001), whereas the clearance of red cells to the blood was completely
abolished. The clearance of RISA out of the peritoneal cavity was largely
unaffected by evisceration or diaphragmatic sealing and was approxi-
mately fourfold higher than the peritoneal to plasma RISA clearance. This
discrepancy was found to be accounted for by RISA accumulation in
tissues lining the PC, mainly the anterior abdominal wall, from which the
RISA disappearance was found to be minimal. It is concluded that the
peritoneal clearance of RISA to plasma mainly occurs (65%) via the
diaphragm, while 15—20% occurs through visceral lymphatic pathways and
approximately 15% through parietal pathways. Red cells in the peritoneal
cavity have access to approximately 60% of the diaphragmatic lymphatic
pathways.
ETB receptor-mediated effects of endothelin on cortical and juxtamed-
ullary renal vasculature. K Endlich, J. Hoffen4 M Steinhausen, I. Institute
of Physiology, Heidelberg. Endothelin (ET) is a potent renal vasoconstrictor
most probably acting in a paracrine fashion. To localize vascular ET effects
mediated possibly by the ETB receptor subtype, we locally applied
cumulative increasing concentrations of ET-1 in the absence and presence
of the ETB receptor antagonist IRL 1038 into the tissue bath of hydrone-
phrotic rat kidneys. Renal vascular diameters and glomerular blood flow
(GBF) of cortical (C) and juxtamedullary (JM) glomeruli were measured
by in vivo microscopy. ET-1 (10'° to 5-10—u M, N = 6) decreased lumen
diameters of pre- and postglomerular vessels and GBF in a concentration-
dependent manner. At 10 M of ET-1, which reduced C and JM GBF by
55 7% and 54 75%, respectively, the most prominent diameter
reduction was located at the arcuate and interlobular arteries (17 to 18%).
C and JM efferent arterioles constricted to a similar extent (11 to 13%),
whereas constriction in C afferent arterioles (6 2%) was less than in JM
ones (11 2%). Pretreatment with IRL 1038 (10_6 M for one hour, N =
6) increased only C GBF by 8 2% after 30 mm and shifted the
concentration-response curve of ET-1 (10° to i0 M) to the right: 30%
decrease of C and JM GBF at 0.31 0.10 and 0.31 0.11 nM in the
absence of IRL 1038, respectively, vs. 3.1 1.3 and 4.4 3.2 nM in its
presence. IRL 1038 also competitively inhibited ET1-induced constriction
of all vessels except of JM afferent arterioles. Our data suggest, that the
ET receptor is involved in the ET-mediated renal vasoconstriction in rats
with more prominent effects in cortical than in juxtamedullary vessels.
(Supported by DFG)
Oxidized lipoprotein(a) inhibits endothelium-dependent dilation in
rabbit renal artery: Prevention by high density lipoprotein. I. Galle, J.
Bengen, P. Schollmeyer, Chr. Wanner, Dept. of Medicine, Division of
Nephrology, Univ. Hospital, D-79106 Freiburg F.R.G. Background. Treat-
ment of isolated artenes with native or oxidized low density lipoproteins
attenuates endothelial function. Here we assessed the effects of Lp(a), a
LDL-like plasma lipoprotein, on endothelium-dependent dilation in vitro.
Methods and Results. Acetylcholine-induced dilator responses of isolated
rabbit renal arteries were not significantly attenuated after incubation with
native human Lp(a) (2 hours, 30 pg/mI). However, when the arteries were
exposed to in vitro oxidized Lp(a) (2 hours, 30 pg/mI), acetylcholine-
induced dilator responses were significantly impaired. At an equivalent
concentration, native or oxidized LDL had no effect on dilator responses.
Concomitant incubation of the segments with HDL (0.5 mg/mI) prevented
attenuation of dilator responses by oxidized Lp(a). Attenuation of dilator
responses by oxidized Lp(a) was potentiated in the presence of superoxide
dismutase (10 U/mI). Additional treatment with catalase (100 U/ml)
prevented the potentiating effect of superoxide dismutase, indicating the
involvement of hydrogen peroxide in the impairment of endothelial
function. Conclusions. Thus, we report for the first time that oxidized
Lp(a) impairs endothelium dependent dilation, possibly via hydrogen
peroxide. Lp(a) is more potent than oxidized LDL, and HDL prevents its
inhibitory effect.
Effects of endothelium-derived relaxing factor (EDRF) on renal ml-
crovessels and pressure-dependent vasodilation.A. Cavarape, E. Bartoli, J.
Hoffend* M. Steinhausen. *Department of Internal Medicine, University of
Udine, italy, * J Institute of Physiology, University of Heidelberg Germany.
The influence of endothelium-derived relaxing factor (EDRF), identified
as nitric oxide (NO) or a closely related nitroso compound on renal
microvessels and autoregulation was visualized in vivo in the split hydro-
nephrotic kidney of rats. This model allows direct observations not only of
glomerular blood flow (GBF), but also the measurements of vascular
diameters. Juxtamedullary (JM) arterioles, which in our experience do not
autoregulate, were directly compared in our preparation with cortical (C)
vessels, supplied by the same arcuate arteries. EDRF synthesis was
blocked by local administration in the tissue bath of i05 M N°-nitro-L-
arginine methyl ester (L-NAME). In the first series of experiments (N =
5), after inhibition of EDRF synthesis diameters of arcuate arteries
decreased by 17%. In C vessels efferent arterioles constricted more
(13—16%) than interlobular arteries and afferent arterioles (7—12%).
cortical GBF decreased by 46% (P < 0.05). The responses to acetylcholine
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(10 M) but not to sodium nitroprusside (10—s M) were attenuated after
L-NAME. In the second series of experiments (N = 8), L-arginine in a
local concentration of i0— M was administered followed by L-NAME.
Diameters of all C vessels and GBF increased and vascular response to
L-NAME was blunted, in the third series of experiments (N = 12), JM and
C vessels were compared. L-NAME was added and measurements were
performed in the same manner as in the first series. Cortical and JM
vessels responded similarly to L-NAME, and a similar decline of GBF was
also observed in both C (—41.5%) and JM (—49.5%) arterioles (P < 005).
30 mm after L-NAME application (N = 8), renal perfusion pressure(RPP) was reduced stepwise to 100, 90 and X0 mmHG. Diameters and
GBF were recorded 10 mm after each pressure step. Pressure-dependent
dilation of pre-glomerular vessels was similar in untreated animals and
autoregulation of GBF was preserved in C vessels after L-NAME. In JM
arterioles, which do not autoregulate in our model, the pressure/flow
relationship was improved when EDRF synthesis was inhibited. Our data
suggest that EDRF release plays an important role in the control of
vascular tone and basal renal hemodynamics. Autoregulation of JM but
not of C vessels is influenced by EDRF.
Glucagon-induced elevation in GFR: Role of liver-borne cAMP and
urea. Mina Ahioulay, C. Hassler, and L. Ban/dr. INSERM U 90, Hop.
Necker, Paris, France. Several studies suggest that the increase in GFR
following glucagon (GN) requires the production of a liver-borne factor or
metabolite. In a previous study [Ahloulay, AJP 263:F24-F36, 1992], we
observed that iv. GN infusion at 12.5 ng/min X 100 g BW not only
increased GFR (+ 20%) but also increased urinary excretion of urea
(+58%) and cAMP (+52%). A tenfold lower dose of GN (producing a
normal post-prandial elevation in peripheral GN concentration) was
without effect. ON, at a "physiologic" level for the liver (i.e., "'10 times
higher than peripheral level) is known to stimulate hepatic cAMP
formation and urea synthesis from aminoacids (along with gluconeogen-
esis). The aim of the present study was thus to evaluate if cAMP and urea
could play a role in the GN-induced rise in GFR. Clearance experiments
were performed in anesthesized male Wistar rats receiving intravenously
NaCI 0.9% (15 rl/min x 100 g BW) and the antidiuretic analogue of
vasopressin dDAVP (1.66 pg/mm X 100 g BW) (to prevent erratic changes
in urinary concentrating activity). Rats were studied during four control
(C) and six experimental (E) periods, 20 mm each. GN was infused during
E at a rate of 1.25 (group GN' 0.1) or 12.5 ng/min X 100 g BW (group
GN' 1). Rats of a third group (ON 'O.l+Ur+cAMP) received the low
dose of GN plus cAMP and urea at rates similar to their previously
measured GN-induced hepatic release (5 nmol/ and 2.5 tMol/mifl X 100
g BW, respectively). For each rat, the means of the four C and of the last
four E periods were calculated. Results are means SCM of n rats per
group.
GFR
Groups n C
mI/mm
E
Percent
change
.Paired test
C v
Control 6 2.98 0.24 2.82 0.20 —4% NS
GN '0.1 8 2.70 0.13 2.53 0.12 —6% NS
GN' 1 7 2.57 0.13 3.13 0.23 +21% p <0.01
GN ' 0.1+Ur+cAMP 9 3.10 0.15 3.59 3.59 +16% p <0.01
cAMP and urea, without GN, did not change GFR (not shown). These
results show that a GN infusion reproducing a normal peripheral concen-
tration is able to increase GFR if urea and cAMP are infused together
with the hormone. They strongly suggest that cAMP and urea are major
humoral elements of the hepato-renal axis, activated by the action of GN
on the liver.
Flow dependence of pressure diuresis in conscious dogs. B. Nafz, A.
Klingmann, CD. Wagner, H. Ehmke, HR. Kirchheim, PB. Persson I.Physi-
ologisches Institut, Universitat Heidelberg, INF 326, 69120 Heidelberg FRG,
Tel: 06221-564144, Fax: 06221-564561. It is well known that sodium
excretion and urine flow rate (UV) are pressuredependent, but the effects
of spontaneous changes in renal blood flow (RBF) on this phenomenon
remain unclear. In 9 resting, conscious foxhounds on a normal sodium diet
the influence of spontaneous oscillations of RBF on UV were therefore
studied. Protocol I (N = 9) served as a 4 h time control (20 mm data
sampling rate) without intervention. Protocol 2 (N = 6)was identical, but
in addition furosemide (10 mg/h) was infused continuously. During pro-
tocol 1, in which no increase of mean renal perfusion pressure (MRPP)
was observed, UV correlated strongly with RBF (r = 0.97, P < 0.001) but
there was no significant correlation with MRPP (r = 0.16). During the
infusion of furosemide the flowdependence of diuresis was abolished while
UV was now strongly dependent on MRPP (r = 0.67, P < 0.01). It is
concluded, that slow (20-240 mm) physiological variations (± lOmmHg) of
MRPP had no impact on UV whereas spontaneous changes of RBF seem
to be a major determinant of UV. This may be the result of spontaneously
occurring variations of resistance in the renal vascular tree (efferent
arteriole?), which are probably abolished by furosemide.
Control of renin gene expessionin OM 2 kidney-i clip rats. K
Schricker', S. Holmer2, G. Riegger2, A. Kurtz' 'Institut für Physiologic and
2K/jnik und Poliklinik fur Innere Medizin II, Universitat Regensbutg. D-93040
Regensburg, Germany. This study was done to investigate the mechanisms
that underly the changes of renal renin gene expression upon hypoperfu-
sion of one kidney. To this end the left renal arteries of male Sprague
Dawley rats were clipped with silver clips and renal renin m-RNA levels
were assayed by RNase protection during the first ten days after clipping.
Unilateral reduction of renal blood flow led to transient maximal 5-fold
increases of renin m-RNA levels in the clipped kidneys and to sustained
suppression of renin gene expression to 20% of the control value in the
contralateral intact kidneys. Inhibition of prostaglandin (PG) formation by
meclofenamate or EDRF synthesis by L-Name markedly attenuated the
increase of renin m-RNA levels in response to clipping and a combination
of PG/EDRF inhibition almost abolished the increase of renin m-RNA
levels. Inhibition of PG/EDRF formation did not change the suppression
of renin m-RNA levels in the contralateral intact kidneys. Neither did
renal denervation nor inhibition of macula densa function by furosemide
prevent the suppression of renin gene expression in response to unilateral
renal artery clipping. Only converting enzyme inhibition by ramipril and
blockade of ANG TI-AT1 receptors by losartan attenuated the decrease of
renin m-RNA levels in the contralaterals to clipped kidneys. These
findings suggest that intact PG- and EDRF synthesis represent stimulatory
signals for renin gene expression that are required for the elevation of
renin m-RNA levels upon unilateral renal hypoperfusion. The suppression
of the renin gene in the intact contralateral kidney appears to require the
presence of ANG II but seems not to be regulated by this parameter,
suggesting the existence of an yet unidentified factor that acts in concert
with ANG II to suppress renin gene expression.
Endothelin and nitric oxyde modulate the activation of cultured
mesangial cells by Gentamicin. L. Rivas-Cabanero, A.M Rodriguez-Lopez,
A. Rodriguez-Barbero, J.M. López-Novoa, Department of Physiology and
Pharmacology, University of Salamanca, Spain. Gentamicin (GENTA)-
induced decreases in renal function have been associated to a decreased
the glomerular capillary ultrafiltration coefficient mediated by mesangial
cell contraction or local release of vasoactive hormones. glomeruli isolated
from GENTA-treated rats show an increased production of endothelin
(ENDO) and nitric oxide (NO). we have studied the direct effect of
GENTA on mesangial cells proliferation, contraction and Ca2 mobiliza-
tion, as well as the possible role of ENDO and NO as mediators of the
observed effects of gentamicin on mesangial cells. GENTA induced a
concentration-dependent reduction of planar surface area (PSCA) of
cultured rat mesangial cells, an increase in cytosolic free calcium and an
increase in [3H]thymidine incorporation to DNA. GENTA also induced
c-fos expression in quiescent mesangial cells. Incubation with ENDO
induced the same changes in cell contraction, cytosolic calcium, prolifer-
ation and gene expression. Effects of GENTA and ENDO were markedly
increased by coincubation with L-NAME, an inhibitor of NO synthesis.
These results suggest that contractile and proliferative effects of GENTA
on mesangial cells are mediated by the release of ENDO, and that NO
release partially counteract these effects.
Inhibition of the direct effects of IGF-I aminoguanidine, a selective
inhibitor of induction nitric oxide synthase. McKillop I, Haylor J & El
Nahas AM. Sheffield Kidney Institute, Sheffield. UK Insulin-like growth
factor I (IGF-I) acts directly on the kidney to increase both GFR and
RBF. En the rat in vivo, the increase in RBF and can be prevented by
pretreatment with I-NAME, a non-selective nitric oxide synthase (NOS)
inhibitor. The present study was performed in the isolated perfused rat
kidney to examine the effect of aminoguanidine (AG), a selective inhibitor
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of the inducible isoform of NOS on the renal response to IGF-I. AG (100
l.LM) produced a selective inhibition of the vasodilator response to
lipopolysaccharide but not to acetyleholine. IGF-I (100 nM) increased the
GFR (105.4 27.1% N = 6, P < 0.05) and RPF (100.6 15.6% N = 6,
P < 0.05). However, in the presence of AG (100 sM) the increase in both
GFR (62.9 16.9% N = 6,P < 0.05) & RPF (34.8 7.16% N = 6, P <
0.05) was significantly reduced (P < 0.05) although not, as with 1-NAME,
completely abolished. These results suggest that a significant role may be
played by both the constitutive and inducible isoforms of NOS in the direct
actions of IGF-I on renal function.
Adenosine-hypersensitivity of isolated glomeruli in low-sodium rats. M
Szczepanska-Konkel, S. Angielsk4 Department of Clinical Biochemistiy,
Medical Academy, Gdansk. It has repeatedly been shown that adenosine
(ADO) results in a large decreases in glomerular filtration rate in animals
maintained on a low-sodium diet, whereas little change occurs in animals
on a diet high in sodium. We investigated the effect of ADO 2-chlorade-
nosine (2-Cl-ADO) and cyclohexyldenosine (CH-ADO) on glomeruli
dynamics isolated from kidney of rats maintained on regular (1.1%) and
low (0.09%) NaCI diets for 7 days. We have used 3H-inulin to measure
intracapillary space of isolated glomeruli (GIS). ADO decreased GIS in a
concentration dependent fashion, 50% of GIS reduction was obtained at
100 nM ADO in glomeruli of low and normal-sodium rats. However, the
reduction of GIS was lower as compare to control in normal (17%) than
in low-sodium rats (26%). The percent reduction was significantly higher
in low-sodium rats at each tested concentration of ADO. Similar data were
obtained in the presence of 2 Cl-ADO and CH-ADO. Atrial natriuretic
factor (ANF) alone had no effect on GIS, however it completely inhibited
the decrease in GIS induced by 2 Cl-ADO or CH-ADO in normal-sodium
glomeruli. ANF (1 jsM) was not able to inhibit 2 Cl-ADO or CH-ADO-
induced decrease in GIS in low-sodium glomeruli. ANG 11 (10 nM)
potentiate 2-CT-ADO reduction of GIS obtained from normal and low-
sodium rats. The potentiation was significantly more attentuated in
glomeruli of low than in normal-sodium rats. These findings indicate that
effects of ADO and its analogues on renal function in vivo is expressed
also in vitro by preparation of glomeruli isolated from low-sodium rats.
ADO hypersensitive contraction and ANF refractoriness of glomeruli in
low-sodium rats may be.
Anti-thymocyte-antibody (ATS) and complement reduce the renal
hemodynamic function in the isolated perfused rat kidney. T Joch, G.
Zahner, M. Disser, U. Helmchen*, R.L.R. Stahl, Dept. of Medicine, Div. of
Nephrology/Osteology, *Dept. ot Pathology, University ot Hamburg, Martin-
istr. 52 D-20246 Hamburg, Germany. We have previously demonstrated
that iv. injection of ATS into rats, which binds selectively to mesangial
cells and induces a complement dependent injury, reduces glomerular
filtration rate (GFR). The fall in GFR was mediated by increased
glomerular thromboxane (Tx) formation, which is mostly derived from
infiltrating monocytes. In order to evaluate, whether antibody alone, or
antibody and complement might also affect renal hemodynamic function
independently of infiltrating inflammatory cells, we evaluated GFR and
renal perfusate flow rate (PFR) in a model of the isolated perfused rat
kidney. Isolated rat kidneys were perfused with a cell free medium
containing Inulin (100 mg/I in a single pass system at a constant perfusion
pressure (100 mm Hg). Urine and venous effluents were collected in 10
mm intervals to evaluate perfusate flow rate and GFR (Inulin clearance).
The first 20 mm. served as individual control period. ATS (18 mg in 300
p1) was infused at 21 mm. Infusion of antibody was followed by rat serum
(100 mg in 2 ml) which served as complement source (n — 12). Control
animals received either perfusate alone, ATS alone, ATS + heat-inacti-
vated rat serum, rat serum alone or non antibody IgG + rat serum (n —
4 each group). Immunohistologic evaluation of the perfused kidneys
revealed selective binding of ATS to the glomerular mesangium. Staining
of the kidneys with C3 antibodies demonstrated selective C3 positivity in
the mesangium only in kidneys which had been perfused with ATS. In
kidneys which received ATS and rat serum GFR significantly fell to 173
121 p1 g1min' compared with 487 172 j.Ll gmin1 in kidneys
perfused with control solution (P < 0.001). A similar reduction was
observed for renal perfusate flow rate (8.3 2.6 ml g'min1 vs. 19.2
1.8 ml g1min' in controls. P < 0.001). Renal vascular resistance
increased significantly from 5.8 1.1 mm Hg ml'g mm to 15.0 4.7mm
Hg mlg mm. (P < 0.001). None of the control groups revealed a
significant change of these parameters. The data demonstrate that ATS
and complement selectively bind to the glomerular mesangium and induce
an intrinsic mechanism which reduces GFR. These findings suggest that
mesangial immune complex formation by complement activation releas-
es—probably mesangium derived—mediators which reduce glomerular
hemodynamics independent of inflammatory cells.
Renal hemodynamic changes induced by ANP during acute volemic
stress. N Caron, F. Simon, A. Michel, R. Kramp, Service de Physiologie et
de Pharmacologie, University de Mons-Hainaut, B-7000 Mons, Belgium.
ANP is an essential homeostatic factor to restore functional changes
induced by acute volume expansion. Its role and effects upon renal
hemodynamics during conditions of "acute volemic stress", induced for
example by iv. bolus injections of saline or blood, remain however to be
determined. In order to do so, the time course and maximal changes ()
of renal blood flow (RBF), mean arterial pressure (MAP) and heart rate
(HR) occurring during three successive (with intervals of 60 see) 30 sec iv.
injections of 1 ml of 0.85% saline were investigated in anaesthetized
euvolemic rats. The effects of injectates without (group I) and with 0.25 or
2.5 jg of ANP (groups II and III) were compared. RBF was measured
continuously using an electromagnetic flow transducer applied around the
renal artery. In group I (N = 4), RBF increased transiently (--30 see) and
similarly during each injection. i.RBF averaged 1.01 0.18 ml/min (*P <
0.001; * = Pversus no change). In group II (N =3), zRBF was slightly
higher (1.43 0.11 ml/min; < 0.005) than in group I (P < 0.05). In
group III (N = 6), RBF was increased greatly (2.94 0.33 mI/mm; *P <
0.001) during the 1st injection (P < 0.001 versus Group I) but did not
differ from group I during the 2d (0.99 0.18 mI/mm; * = 0.002) and 3d
(1.01 0.09 mI/mm; * < 0.001) injections. For comparison, effects of 3
successive injections of 1 ml saline with 2.5 pg of ANP added only in the
1st injectate were investigated (group IV; N = 7). Again, LRBF was
enhanced markedly (2.70 0.14 mI/mm; * < 0.001) during the 1st
injection (P < 0.001 versus Group I). However, it was similar to results in
groups I and III during the 2d and 3d injection. Note that the RBF
enhancement also lasted --30 sec in the presence of ANP. Moreover,
MAP decreased significantly after the 1st injections containing 2.5 pg of
ANP (MAP = —10 1 mmHg; P < 0.01) in groups III and IV. The
hypotension was maintained during —40 mm. Transient reductions of HR
(—.11%) occurred during each injection in each group. In conclusion,
exogenous ANP induced a marked but transient renal vasodilation during
acute volemic stress in rats. The maximal renal hemodynamic effect was
elicited only by the first of the three injections containing 2.5 pg of ANP.
+: N. Caron was an I.R.S.I.A. fellow.
Inositol lipid signalling through brush-border and basal-lateral plasma
membranes isolated from rat kidney cortex. H. Banvic, M Vuica, M
Knotek, Vladiana Crljen, Department of Physiolgy, School of Medicine,
University of Zagreb, Croatia. Using highly specific mass assays, concentra-
tions of inositol lipids and 1,2-diacylglycerol (DAG) were determined in
the plasma membranes isolated from rat kidney cortex. Significantly
higher concentrations of inositol lipids were determined in brush-border
(BBM) than in basal-lateral plasma membranes (BLM), although DAG
concentrations were similar in both. Following unilateral nephrectomy a
decrease in the mass of phosphatidylinositol 4,5-bisphosphate and
4-monophosphate, with a concomitant increase in DAG mass and trans-
location of protein kinase C (PKC) were observed in BBM, but not in
BLM isolated from the remnant kidney. Similar result was obtained when
intact renal cortical slices were stimulated with endothelin, after which
BBM and BLM were isolated. On the other hand, stimulation of renal
cortical slices with insulin-like growth factor II, phenylephrine or hepato-
cyte growth factor caused effects in BLM, but not in BBM. The present
results demonstrate that, in renal cells, there is a spatial separation of the
inositol lipid signalling system between BLM and BBM.
Regulation of the cyclooxygenases, prostacydlin synthase and throm-
boxane synthiase by interleukin 1 in rat mesangial cells. T. Klein, I. Siegle,
R.M. Nusing, Faculty of Biology, University of Konstanz, P.O.Box 5560,
78434 Konstanz, Germany. Mesangial cells are smooth muscle-like cells,
thought to be involved in the regulation of glomerular blood flow.
Enhanced production of prostaglandins is suggested to be mediated by
elevated expression of cyclooxygenase, the key enzyme of arachidonic acid
metabolism. In this study we focused on the effect of interleukin 1/3 on
expression of the cyclooxygenase isozymes and following enzymes in the
arachidonic cascade in cultured rat mesangial cells. We were able to
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demonstrate by differential western blot analysis and whole cell reverse
transcription-polymerase chain reaction (RT-PCR), that increased capac-
ity of the cells to synthesize prostanoids is based on the induced expression
of cyclooxygenase 2 but not type 1. Cyclooxygenase I mRNA is only barely
detectable by RT-PCR, in basal and in IL-i stimulated cells. We observed
no influence of interleukin 1 on the induction of prostacyclin synthase
mRNA. For the thromboxane synthase no mRNA and protein was
detectable neither in control nor in stimulated cells. The main metabolite
in rat mesangial cells is prostacyclin followed by prostaglandin E2 provided
by an inducible cyclooxygenase 2 and a highly constituitively expressed
prostacyclin synthase or PGE2 isomerase.
IL-i induced IL-8 and IL-6 expression and production in human
mesangial cells (MC) is differentially regulated by cAMP. R.L. Robson, J
Westwick; G H Neild* and Z Brown. Dept. of Pharmacology, University of
Bath, Bath, UK *Dept. of Nephrology, UCLMS, UK. The molecular
mechanisms by which IL-I activates mesangial cells for the induction of
the chemokine IL-8 and the mesangio -proliferative cytokine IL-6 remains
to be fully elucidate. The objective of this study was therefore to examine
the mechanism leading from IL-i receptor occupancy to a subsequent
induction of IL-S and IL-6 response in MC. We have therfore examined
the effects of the bacterial toxin cholera toxin as well as agents that are
known to elevate intracellular cAMP on the ability of IL-i induce IL-8 and
IL-6 production in human MC. Cholera toxin (CT) (10—250 nglml),
B-oligomer of cholera toxin (CT-B) (10—250 ng/ml), Forskolin (FK)
(1—100 jIM), dibutyryl-cAMP (DbcAMP) (1—100 trM), or isobutylmethyl-
xanthine (IBMX) (10—1000 /.LM), were added to growth arrested confluent
MC for 5 hours prior to the addition of IL-la (3 ng/ml). Supernatants
were recovered at 18 hours post IL-I activation and their IL-8 and IL-fl
activity quantitated by ELISA. Expression of IL-8 and IL-6 mRNA was
determined by Northern blot analysis. All four agents in the presence of
IL-i significantly potentiatied IL-6 mRNA expression and peptide pro-
duction, in marked contrast, only treatment with cholera toxin resulted in
enhanced IL-8 response. None of these agents alone induced either IL-8
or IL-6 generation above media control level.
IL-8 (% control)
Mean + SCM
IL-6 (% control)
Mean + SEM
IL-i (3 ng/mI) 100 100
IL-i + CT (100 ng/ml) 174.0 19 349.0 40.5
IL-i + CT-B (100 ng/ml) 119.6 11 199.6 24.6
IL-i + FK (30 M) 90.6 26 217.9 9.5
IL-i + DbcAMP(100 trM) 100,8 23 203.4 9.8
IL-i + IBMX (100 trM) 101.7 22 232.6±43.0
These results indicate that the IL-i induction of IL-6 generation in MC
can be regulated by cAMP whereas IL-8 generation is independent of
cAMP pathway.
Oxidizing conditions induce tyropine phosphorylation PDGF 0 and
13-receptors and pp6OCrs in mesangial cells. M. Gonzalez-Rubio, S. Voit,
D. Rodriguez-Puyol, M Marx,' Departamento de Fisiologia y Farmacologia,
Universidad de Alcala de Henares, and Medizinische Kiinik IV, Universitat
Erlangen-Numberg, Erlangen. Reactive oxygen species are autocrine and
paracrine modulators of cell behaviour. Hydrogen peroxide, a cellular
oxidant, has been shown to stimulate mesangial cell proliferation. In the
present study we analyzed the H202 induced early signalling events. Rat
mesangial cells (passages 14 16) were treated with H202 (0.1-10 mM) for
30 mm. Immunofluorescence analysis revealed a H202 induced dose-
dependent increase in tyrosine phosphorylation. Proteins extracted from
H202 treated cells were separated on SDS-PAGE and subjected to
immunoblot analysis with anti-phosphotyrosine. A dose-dependent induc-
tion of tyrosine phosphorylation of 180 kD, 115 kD, 75 kD and 60 kD
proteins was observed. By using sequentially immunoprecipitation and
immunoblotting the 180 kD tyrosine phosphorylated band was identified
to represent both PDGF a and /3 receptors. Pretreatment with catalase
completely abrogated the H202 induced PDGF receptor phosphotylation.
In vitro PDGF receptor kinase assays demonstrated that H202 did not
induce intrinsic receptor kinase activity. The tyrosine phosphorylated 60
kD protein was identified as pp60c-src. The c-src phosphorylation was
associated with an inhibition of c-src kinase activity, suggesting phosphor-
ylation of Tyr527 in the src regulatory domain. The activation of a
signalling pathway involving the PDGF receptor and c-src my explain the
mitogenic effects of reactive oxygen species.
Angiotensin Ii and endothelin induced mitogenic response on endothe-
hal cells: Differences in signal-transduction mechanisms. C. Caramelo, M.
Monton, A. Riesco, .1. Gomez, 1. Millas, S. Casado, A. Lopez Faire.
Fundacion Jimenez Diaz. Madrid 28040. Spain. The vasoactive mediators,
endothelin-1 (ET-1) and angiotensin II (ANG II), are mitogens and use
similar activation pathways in contractile cells. The present study exam-
ined the effects of ET-i and ANG II on proliferation and activation
mechanisms of bovine EC. Binding studies demonstrated specific recep-
tors for 1251-ET-l (Kd: 1.9 x 10l0b0 M; Bmax: 1.7 pmol/mg protein) with
similar affinity for ET-1 and ET-3. Two binding sites were found for
'251-ANG II in the EC (Kd,: 1.62 x i09M; Bmax:1 21 pmoh/mg protein;
Kd2: 4.6 x 109M; Bmax2: 57 pmol/mg protein). In the presence of 1%
serum, 107M ET-1, 107M ET-3 and 107M ANG II increased [3Hj-
Thymidine incorporation in EC (ET-1: 22.5 5.2; ET-3: 18.3 4.2; ANG
II: 25.7 8.1 % increase, P < .01, N = 6). ET1 (107M) or ET-3 (107M),
produced a cytosolic free calcium peak [Ca2]1 () [Ca2]1: 70 3 and 86
6 nM, P < .01). No calcium transients were obtained with up to 106M
ANG H. However, 107M ETI, i07M ET-3 or 107M ANG II induced
an initial weak acidification followed by an ethyl-isopropylamiloride
(5.10—s M)-inhibitable alkalinization (pHi 0.15, 0.21, 0.27 units, respec-
tively, P < .01). The AT2 (CGP 421i2A) but not the AT1 (Losartan)
receptor antagonist blunted the alkahinization induced by ANG II. A
simultaneous activation of tyrosine phosphorylation by ANG II (10 M)
and ET-1 (i07M) was observed by immunohistochemical fluorescence. In
conclusion: a) both ET-l (1 site) and ANG 11(2 sites) bound specifically
to EC; b) ET-1 and ANG II are both potent mitogens for EC; c)
signal-transduction mechanisms for ET-1 and ANG II on EC involve,
respectively, a calcium dependent pathway and a [Ca2]1 -independent
stimulation of the Na/H exchange accompanied by simultaneous ty-
rosine phosphorylation. The AT2 receptor may be involved in the ANG
Il-induced cellular alkalinization.
Polyunsaturated free fatty acids modulate the antidiuretic effect of
vasopressin. R. Pamova, T. Koroleva, E. Shakhmatova, Sechenov Institute
of Evolutionaiy Physiology & Biochemisti'y St, Petersburg, Russia. Incubation
of isolated frog urinary bladders in Ringer solution was found to be
accompanied by release of free fatty acids (FA) into the surrounding
medium. Addition of FA-free BSA (0.1%) increased (242% 20) the
osmotic water flow induced by arginine-vasopressin (AVP). Arachidonic
acid (AA) (0.1—b M) inhibited the action of AVP; the AA effect was
eliminated by FA-free BSA, but was not changed in the presence of
indometacin, NDGA or ketoconazole. No significant effect of AA was
observed on the water flow induced by forskolin or cAMP. Application of
other FA(s) (5 M) was found to affect differently on hydroosmotic action
of AVP. Saturated and monoenoic were ineffective, some polyenoic FA
(i8:2w6, 20:2e6, 20:3e3, 22:3a3, 22:4w6) stimulated the effect of AVP,
others (l8:3w3, 20:4w6, 20:5w3, 22:6o3) significantly inhibited last one.
The explanation of the sign and magnitude of FA effect related to amount
of double bonds and chain length was proposed. These data suggest that
polyenoic FA could modulate the AVP transmembrane signalling path-
way. This work was supported by the Russian Fund of Fundamental
Research (93-04-7468).
Vasotocin receptors involved in phosphoinositidase C activation in frog
glomeruli. D. Butlen, A. Ammar, R. Rajerison, Laboratoire de Physiologie
Cellulaire, College de France, Pans i'ç France. Vasotocin receptors were
studied in glomeruli microdissected from collagenase-treated kidneys of
Rana ridibunda, using d(CH2)s[Tyr(Me)2, Thr4, Orn8, 1251-Tyr-NH291
vasotocin (I-OVTA) as a ligand. Labeled glomerular receptors revealed
the following stereospecificity for recognition of structural vasotocin
analogues: Tyr-NH29-LA-V1,> 25I-OVTA > AVT 2 d(CH2)5 Tyr(Me)2
AVP > OVTA  [Phe2, Orn8] VT> OT  d(CH2)5 Sar7 AVP>
desGly9-d(CH2)5 Tyr (Et)2 VAVP  d(CH2)5sTyr(Et)2 VAVP > AVP>
dDAVP > [Thr', Gly77] OT. In sieved glomeruli labeled with 3H-m5yo-
inositol, saturating amounts of vasotocin enhanced about 7 times H-
inositol phosphate production. The rank order of vasotocin analogues for
stimulation of phosphoinositidase C was: [Phe2, Orn8] VT> OT> AVP
> dDAVP, whereas [Thr4, Gly7l OT was inactive, and that of antagonists
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for inhibition of vasotocin-induced enzyme activation was: Tyr-NH29-LA-
V1 > d(CH2), Tyr(Me)2 AVP = OVTA > d(CH2)5 Sar7 AVP >
d(CH2)5 Tyr(Et)2 VAVP  desGly9-d(cH2)5 Tyr(Et)2 VAVP. Results
indicated that the '251-OVTA-Iabeled binding sites found in Frog glomer-
uli are mainly the receptors triggering phosphoinositidase C stimulation
and resemble mammalian Vib pituitary vasopressin receptors.
Role of c-AMP- dependent protein kinase in cAMP-medIated glomeruli
function. M.XP. van Bemmelen, M. Szczepanska-Konkel, B. Jastorff S.
Anqieiski. Department of Clinical Biochemistry, Medical Academy, Gdansk,
Bio-O,ganic Chemistry, University Bremen, D-2800 Bremen We have used
isolated glomeruli to test the effect of some cAMP analogues which shows
increased hydrophobicity and resistance to enzymatic degradation to
analyse the potential role of cAMP in the glomerular function. We have
used 3H-inulin to measure intracapillary space of glomeruli (GIS), which
changes may reflect contraction and relaxation of glomeruli. The cAMP-
dependent protein kinase (cAK) agonist, (Sp) 8-Cl-cAMPS, which shows
increased hydrophobicity and resistance to hydrolysis by phosphodiester-
ases as compared to cAMP, induce a dose- and time-dependent decrease
in GIS. EC50 = 0.1 ILM and shows maximal effect at 1sM. The potential
mediation of a stimulated endogenous production of ANG II in (Sp) 8
Cl-cAMPS-induced GIS decrease was tested by incubation of glomeruli in
the presence of both (Sp) 8-CT-cAMPS and the ANG 11 antagonist
salarasin at concentrations which inhibited ANG 11 action. 10 jM salarasin
did not exert any significant effect on the decrease in GIS induced by 1 zM
(Sp) 8-CT-cAMPS. In contrast, cAK antagonist (Rp) 8-CT-cAMPS, inhib-
ited ANG Il-dependent GIS changes in a dose-dependent fashion, no
changes in GIS could be observed when glomeruli were incubated with
(Rp) 8-CT-cAMPS. This effect of a cAK antagonist on ANG 11 is rather
unexpected. The results of our experiments suggest that a cAMP depen-
dent protein kinase is also involved in ANG Ii - dependent glomeruli
dynamics.
Serotonin activates phospholipase II in rat mesangial cells. D. Kursc-
heid-Reich, H. Rasmussen ', F. Luft, H. Hailer, Franz-Olhard-Klinik, Max-
Deibruck-Centrum für Molekulare Medizin Berlin-Buch, Germany, Yale
Medical School, New Haven, USA. Serotonin (5-HT), a vasoactiv, inflam-
matory agent, induces proliferation and a biphasic 1,2-diacylglycerol(DAG) formation in rat mesangial cells. The present study was under-
taken to examine the activation of phospholipase D (PLD) by 5-HT in
these cells and to determine its contribution to DAG formation and
proliferation. The formation of phosphatidylethanol (PEt) from ethanol
was used as a measure of PLD activity. 5-HT induces a dose-dependent
increase in PEt production with a maximal 15-fold increase being seen at
10 M. A first peak of PEt production is measured at 30 sec of
stimulation, followed by a sustained phase which plateaus at 5 mm and
lasts at least up to 60 mm. Using a different methodological approach we
could show that PLD is most active during the first 5 mm, but remains
activated at a lower level for up to 60 mm. The occurence of a peak of PEt
formation, in an experiment where cumulative amounts of the phospho-
lipid are measured, suggests that PEt is subject to metabolic degradation.
In fact, after one hour of continued stimulation with 5-HT, in the absence
of the continued presence of ethanol, 76% of the PEt, formed during an
initial ten minute exposure to 5-HT, is metabolized. This degradation of
PEt is inhibited by propranolol, an inhibitor of the phosphatidic acid (PA)
phosphohydrolase. Addition of propranolol also increases PA levels, the
physiological product of PLD action, and decreases DAG levels, indicat-
ing that PA contributes to DAG formation in mesangial cells. Finally,
addition of exogenous PLD induces an increase in contents of both PA
and DAG. Exogenous PLD also stimulates the proliferation of mesangial
cells. Its effect is to increase both the DAG content and the proliferative
response to approximately thirty percent of the maximal effect induced by
5HT. Thus, activation of PLD appears to contribute to both the produc-
tion of DAG and the proliferative response of these 5-HT-treated cells.
Distinctive adherence of uropathogenic escherichia coIl to cultured
human renal tubular cells (TEC). 'B. Kreft, 'M. Placzek; 2M.R. Daha, 2van
der Woude, 'K Sack 'Klinik fur Innere Medizin, Univers. Lübeck, 2Acad.
Ziekenhuis Leiden. In renal infections bacterial adherence to parenchymal
cells is prerequisite for the initiation of the disease. Binding of Escherichia
coli (E. coli) to epithelial cells (EC) is mediated by flmbriae specific for
carbohydrates on eucaryotic membranes. Using SV-40 transfected TEC
we studied the contribution of different flmbriae to bacterial adhesion to
TEC. Fimbriae were expressed in a deletion mutant of an E. coli strain
isolated from a patient with an acute pyelonephritis. Adhesion of E. coli
was quantified by an ELISA (mean + standard deviation of two experi-
ments).
fimbriae receptor molecule adhesion to TEC
5- sialic acid 1.03 0.03 1.23 0.09
P- 2-D-Gal-(1 -4)-j3-D-Gal 0.90 0.10 1.17 0.03
F1C unknown 0.34 0.08 0.49 0.02
deletion mutant (no fimbriae) 0.26 0.08 0.27 0.02
clinical isolate (S-and P-fimbriae) 1.05 0.04 0.77 0.03
E. coli expressing S- and P-flmbriae strongly adhered to TEC. Adhesion
was carbohydrate specific. Absence of fimbriae was associated with low
adherence to TEC. E. coli expressing P-fimbriae but not S-fimbriae are
frequently found in urinary tract infections (UTI). The low frequency of
S-fimbriae in UTI suggests mechanisms which reduce adhesion of S-
fimbriae to EC. To characterize similar mechanisms reducing P-fimbrial
adhesion might be useful to reduce the incidence of renal infections and
UTI caused by P-flmbriae expressing E. coli.
Cationized Ig aggregates in rat glomeruli: Fine structure reconstruc-
tion and life history. P. Rossmann, I. Riha, M. Sirova, K Matousovic, M
Bohdanecka; Inst. MicrobioL Acad. Sci. and Inst. Clin. Exp. Med. Prague,
Czech Republic. Diffuse linear binding was seen in rat glomeruli 1—2 h after
an iv. injection of cationized heat-aggregated rabbit or human Ig (8—40
mg/kg; p1 9.5) with preference to the lamina rara externa (ultrastructural
immunoperoxidase and PAG assay). The linearity was absent after 24 h. A
subsequent injection of swine anti-rabbit-Ig (1—2 mg i.p. after 4 h)
stabilized the binding for up to 2 months, especially after the preimmu-
nization with rabbit Ig (1—2 mg s.c. or i.p. 4—d before the aggregate).
Discrete epimembranous deposits were seen and after I wk mesangial
deposits prevailed, with participation of rat 1g. Acute GN, proteinuria or
rise in Scr did not appear. The deposits gradually moved to the vascular
pole and after 3 months only discrete juxtaglomerular residues remained,
with minimal focal mesangial sclerosis. Non-cationized Ig aggregates did
not bind to GBM in spite of splenic intrafollicular accumulation. The
study shows the intraGBM stabilization of aggregates by interaction with
additional proteins, long persistence of combined aggregates, and their
gradual clearing via mesangial stalk and vascular pole of glomerulus.
Mesangial cell apoptosis: A homoeostatic mechanism in resolution of
proliferative glomerulonephritis in vivo which is induced by growth factor
deprivation in vitro. A. Mooney, A. Baker*, J. Hughes*, D. Lombardi+, R.
Johnson +, J. Savill, Depts of Medicine, University Hospital Nottingham uiç
*Royal Postgraduate Medical School London UX and + Washington Uni-
versity, Seattle USA. Glomeruli in which mesangial cell numbers increase
may scar but can recover, by unknown mechanisms, as in self-limited
mesangial proliferative nephritis in man and Thyl.1 nephritis in the rat. In
other organs hyperplasia may resolve by means of apoptosis (programmed
cell death) driven by decreased availability of growth/survival factors. Our
objective was to seek and quantify apoptosis in rat Thyl.1 nephritis, and in
cultured mesangial cells deprived of growth factors. In Thyl.1 nephritis,
apoptosis as a proportion of total glomerular cells was counted in
histological sections from 6 rats by (i) typical light microscopical features
(ii) fluorescence microscopy of propidium iodide-stained sections and (iii)
end-labelling of fragmented DNA by terminal deoxytransferase. All 3
methods revealed comparable data. at time 0 glomerular apoptosis was
rare ('0.01%), but reached a peak at 5 days ('-.0.25%) before falling by
14 days to '0.1%, which was sustained to 42 days by which time total
glomerular cell number had returned to normal from a peak of 125%
normal. In vitro, although human inesangial cells expressed low levels of
the "anti-apoptosis" oncoprotein Bcl-2, deprivation of growth factors
induced 10.0 1.5% of cells to undergo apoptosis by 8 hrs. Therefore
apoptosis, possibly driven by lack of growth/survival factors, may account
for removal of excess mesangial cells. Indeed, this is the case in Thyl.1
nephritis if cell clearance rate is calculated by assuming that an apoptotic
cell is cleared in 2 hours (as in other instances of apoptosis). Abnormal-
ities of this cell deletion mechanism could be a factor promoting glomer-
uloscierosis.
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Molecular cloning and sequencing of CDNA coding for gp330, the
autoantigen involved in Heymann Nephritis. M. E. Lucaj*, B. de Geus-2,
D. J. Sahali3, P. Verroust', Emile de Heer', 'Dept. Pathology, Univ.
Leiden, 2IVVO-TNO Leiden, The Netherlands, 3INSERM U64, Hopital
Tenon, Pans, France. Heymann nephritis is an organ-specific auto-immune
disease of the kidney and an experimental model in Lewis rats for
idiopathic membranous glomerulopathy in man. The autoantigen involved
is gp330, a renal epithelial glycoprotein expressed on the tubular brush
border and on the membrane of glomerular podocytes. gp330 is localized
in clathrin-associated coated pits. The immune response is regulated by
autoreactive T cells specific for gp330 and results in anti-gp330 autoanti-
body production, formation of glomerular immune deposits and comple-
ment-mediated proteinuria. During the induction of HN, the glomerular
expression of gp330 increases significantly. The function of gp330 is
unclear, but based on partial amino-acid sequencing, gp330 could be
designated as a member of the LDL-receptor gene family. Since informa-
tion on peptide-speciflcity of the regulating T cells could provide experi-
mental tools for immunotherapy of an organ-specific autoimmune disease,
it is of importance to determine which epitopes on gp330 are recognized
by autoreactive T cells inducing disease. In this study preliminary results of
eDNA cloning of gp330 are presented. Starting with immunoscreening of
a A-gt ii library of the rat kidney with polyclonal anti-gp330 antibodies,
three clusters of clones were isolated. Subsequent screening of a A-gtIO
library with these clones yielded several new clones, containing cDNAfrag-
ments up to 2.4 kb. Sequence homology was confirmed with clones from
two o our clusters with members of the LDL-receptor gene family. One
cluster displayed 58—64% homology with the human, rat and rabbit
LDL-receptor. The second cluster showed additional homology with the
human LDL receptor-related protein (58%) and with mouse and human
HSPG core protein (54%). A clone from the third cluster hybridizes with
a transcript of 2.7 kb on RNA-blots. This cannot account for gp330 with
a calculated mRNA-size of 10—12 kb. No sequence homology of this clone
with any other known sequence could be seen. After cloning of cDNA in
an expression vector we will be able to determine which epitopes on the
recombinant gp330 protein-fragments are recognized by T cells o rats with
HN.
Loss of a -43 dDaI transmembrane glycoprotein in rat glomerular
epithelial cells (GEC) in puromycine amino-nucleoside nephrosis (PAN).
S. Breiteneder, K Matsui, D. Kerjaschki. Department of Clinical Patholgy,
University of I'ienna, Austria. We have identified a -43 kDal membrane
glycoprotein, using the monoclonal antibody LF 3 which was localized
exclusively in the surface membranes of GECs, of epithelial cells of
Bowman's capsule, and of type I pneumocytes. Molecular cloning and
sequencing of the corresponding dDNA indicated that it contains one
transmembrane domain which is homologous to neutral and cationic
amino acid transporters, and that its extracellular domain is unique, with
exception of a short motif also found in the angiotensin II receptor. Single
injection of a specific polyclonal antibody produced promptly severe, fully
reversible porteinurea, and in parallel also extensive spreading of GECs.
We have observed that the expression of the 43 kDal protein in GECs is
reduced to > 10% in PAN by immunocytochemistry, as well as by
quantitative blotting of glomerular proteins, and of mRNA. By contrast,
its expression was not affected in Bowman's capsular cells and in pneu-
mocytes. Since another GEC membrane protein, podocalyxin, was not
reduced in PAN, we conclude that in PAN the synthesis of the 43 kD
membrane protein is selectively down regulated in GECs presumable ot
the transcriptional level. Collectively these data and the previous results
suggest that the 43 kDal membrane protein could be transporter in GECs
for sofar undefined molecules, that its function is closely associated with
the correct shape of GECs, and also profoundly affects the filtration
function of the glomerular capillary wall.
Intraglomerular transplantation of genetically-engineered mesangial
cells in vivo. K Kitamura, S. Burton, R. Unwin, L.G. Fine, Department of
Medicine, University College London Medical School, U.K To elucidate the
pathological role of mesangial cells in the generation of glomerular injury,
we established a system of transplanting cultured mesangial cells into the
renal glomerulus. Cultured rat mesangial cells were labeled by introducing
3-galactosidase gene and transferred into normal or diseased kidneys via
renal artery injection, leading to selective entrapment in the glomerulus.
In the normal glomeruli, the reporter mesangial cells were located in
capillary mens or in the mesangium, and there was no evidence of cell
proliferation or glomerulosclerosis during a 4 week period of observation.
In the kidneys subjected to glomerular injury induced by an anti-Thy-i
monoclonal antibody, the reporter cells exhibited marked proliferation
and sclerogenic properties. After 4 weeks, global or segmental sclerosis
was detected in the glomeruli, and enhanced and sustained proteinuria
was also observed. Using replication-defective reporter cells treated with
mitomycin C, we found that proliferation of mesangial cells was critical for
the formation of glomeruloscierosis and sustained proteinuria. This
system thus provides evidence for a pathological role of mesangial cells in
the generation of glomeruloscierosis and proteinuria within a specific
glomerular micro-environment. Transplantation of genetically-modified
mesangial cells which overexpress specific molecules will be useful to
identify the novel targets for therapeutic intervention in glomerular
diseases.
Different heparin dosages are needed to ameliorate the evolution of
different experimental nephropathies. Does this mean different heparin
targets? G. Gambaro, A.P. Enturin4 P.O. Chieco, M. Barbanti, E. Marc/u,
A. Borsatti B. Baggio, Institute of Internal Medicine, Division of Nephrology,
University of Padova; Alfa Wassermann SpA, Bologna, and Institute of
Pathology, University of Bologna, Italy. The favourable effect of heparin
(which has antimitogenic activity on mesangial cells) on the evolution of a
number of experimental mesangioproliferative nephropathies is known.
However, heparin favourably affects the nephropathy occurring in the
streptozotocin diabetic rat preventing the ultrastructural (thickening and
anionic charge reduction), and functional (abnormal charge permselectiv-
ity) derangement of the GBM while unaffecting mesangial cell prolifera-
tion. Our data on type IV collagen and perlecan mRNAs and on
S-glomerular incorporation support the idea that in the diabetic ne-
phropathy model heparin acts most likely by modifying GBM/matrix
composition. These results were obtained with both 6 and 15 mg/Kg BW
of heparin. In the chronic aminucleoside rat model, in which mesangial
proliferation exists, heparin treatment prevents glomerular lesions and
proteinuria at a much higher dosage (45 mg/Kg). From these experiments,
it rises that different models of nephropathy (that we can temptatively
classify as characterized the former by purely abnormal matrix synthesis,
and the latter by mesangial hyperproliferation) have different heparin
dose-response ratios. In conclusion, present results support the hypothesis
that the heparin renal activity has different targets, which might overcome
each-other in relation to the nephropathy.
Under bFGF treatment podocytes undergo mitosis but not cell division.
M. Elger, B. Hahnel, S. Rosener1', W. Kriz, Institute of Anatomy & Cell Biol.,
University of Heidelberg, FRG. *Institute of Toxicoloqy, E. Merck, Darm-
stadt, FRG. Longterm application of basic fibroblast growth factor (bFGF)
leads to a glomerulopathy and proteinuria. The present study character-
izes the glomerular lesions by LM, EM, and morphometry. Male and
female Wistar rats received s.c. injections of either 320 jsgfkg/day bFGF or
vehicle for 8 or 13 wk (3 per group). All bFGF-treated rats developed
severe albuminuria and glomerular hypertrophy (approx. 60%). Total
glomerular cell number (estimated as cell nuclei) increased significantly by
ca. 23%. In addition to the increase in mesangial and endothelial cell
number, in bFGF-rats a distinct population of binucleate podocytes was
found; an average of ca. 15% of the podocytes contained two nuclear
profiles (vs. 5% in controls). As seen in serial sections, several podocytes
with two nuclear profiles turned Out to be true binucleate cells. Further-
more, several mitotic figures in podocytes were encountered in bFGF-
treated rats (none in controls). Almost all glomeruli in bFGF-treated rats
exhibited extensive lesions in podocytes including pseudocyst formation,
foot process retraction, and denudation of the GBM. Tuft adhesions to
Bowman's capsule were also seen. Together with previous work these data
suggest that podocytes are unable to undergo normal cell multiplication.
bFGF appears to stimulate mitosis in podocytes (and other glomerular
cells), but podocytes are unable for cell division (cytokinesis) resulting in
binucleate cells.
Podocytes loose their adhesive phenotype in focal segmental glomeru-
loscierosis (FSGS). E. Kemeny. MJ. Mihatsch, U. Dflr,nüller, F. Gudat,
Institut für Pathologie, Base!, Switzerland. Based on experimental studies
and on observations made in human kidney biopsy material there is
circumstantial evidence that podocytes may be involved in the patho-
mechanism of FSGS. They show swelling, vacuolization, protein storage
and focal detachment from the glomerular basement membrane (GBM).
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We studied by immunofluorescence and light microscopy the distribution
of components involved in the integrin mediated adhesion of podocytes to
the GBM in case of recurrent idiopathic FSGS, which developed in a renal
transplant. Two major integrin and actin distribution patterns were
observed in podocytes depending on the stage of the disease. The O
integrin subunit showed a gradual loss in early FSGS and became
undetectable in advanced FSGS. The cr3 integrin subunit, and the f33
subunit of the vitronectin receptor (av133) lost their polarized expression
and could be detected intracellularly in early FSGS, while in advanced
stage both integrins were mostly basally polarized. In addition staining for
a3 was markedly decreased but enhanced for f33. Most of the podocytes in
early FSGS showed significant loss of filamentous actin together with a
nonpolarized distribution and a transient expression of the FIAR/GP9O
receptor. An altered matrix composition was also seen corresponding to
the newly formed GBM. Some of the podocytes showed Ki 67 positivity.
Based on these results we propose that podocytes lose their adhesive
phenotype in early FSGS, which may result in the detachment of
podocytes from the GBM.
Isolation and characterization of autoreactive T-cell clones from pa-
tients with goodpasture's syndrome (GP). F. Merkel+, R. Kalluri*, U.
Enders#, 0. Pullig+, B. Hudson*, M. Weber+. +Medizinische Kiinik I.
Universitat Erlangen, Germany. *Dept. of Biochemistry Kansas Medical
Center, Kansas. USA, #Neurologie Universitat Wurzbug, Germany. GP
autoantibodies are specifically targeted to the a3(!V) NC! domain of typ
IV collagen (Col-IV). Whether or not also T-cells play a pathogenetic role
in this disease is only incompletely understood. It was the aim of our
investigation to isolate, clone, and characterize autoreactive T-cells in
patients with GP. Mononuclear cells (PBMC) were isolated from patients
with GP and anti-GBM negative crescentic glomerulonephritis (RPGN)
and stimulated with NC! (Col-IV) from human GBM as antigen (10
sgIml). Twice restimulated with y-irradiated, autologous PBMC plus
antigen, proliferating T-cells were cloned by limiting dilution assay. Cells
were phenotypically characterized by FACS analysis. T-cell receptor
(TCR) V/3 gene sequence was determined using PCR amplification.
Cloned cell lines were tested against tetanus-toxoid (TI'), typ I and typ III
collagen (controls), NC! (Col-IV) isolated from EHS mouse sarcoma,
human small intestine, and placenta. Recombinant al—a5(IV) NC! pro-
teins and vanous oligopeptides were used to characterizes the T-cellOS
epitope. Six T-cell clones could be established from two GP-patients
(stimulation index (SI) 1.9—4.2). In contrast, no clone was isolated from
patients with anti-GBM negative RPGN. One clone was characterized
further. It was CD8, CD45 RO, expressed the TCR B13 5.1 gene, and
was HLA-AI I restricted. Repeated stimulation (n < 5) using NC!(Col-IV) and recombinant a3(1V) NC! resulted in reproducible prolifer-
ation of the T-cell clone (SI = 4.8). However, stimulation with rr Col-!, or
Col-VIlI, NCI(IV) from EHS, human small intestine or placenta, (cr1,
a2(IV) only), and recombinant cr1, cr2, cr3, cr4, a5(IV) NC! failed to
induce T-cell proliferation. From the various oligopeptides tested, T-cell
response could only be induced by the N-terminal peptide (AA 195-212).
We conclude: (1) T-cell clones were successfully established from GP-
patients. (2) The T-cell epitope is located on the 3(1V) NC! chain,
probably on the N-terminal domain. (3) Autoreactive T-cells may play a
relevant role in the pathogenesis of the disease.
The heparansulfate proteoglycan perlecan elicits substrate specific
modulation of mesangial cell behaviour. S. Gauer, E. Schuize-Lohoff R.B.
Sterzel, Medizinische Klinik IV Univ. Erlangen-Numbei Germany. The
heparansulfate proteoglycan can perlecan is the main proteoglycan of
basement membranes Amount and distribution of perlecan is altered in
glomerular diseases. !ts interaction with glomerular cells is presently
unclear. In order to characterize the influence of perlecan on the
behaviour of rat mesangial cells (MCs). We examined adhesion and
proliferation of MCs in 2D-culture using fibronectin (FN). Laminin (LN)
perlecan or combinations of DN and LN with perlecan as substrate. After
1 hour, only 20% of MCs adhered to surfaces coated with perlecan (20
-cgIml), whereas more than 80% adhered to LN or FN at saturating
concentrations. MC adhesion to FN was reduced by additional coating
with perlecan in a dose-dependent manner reaching 0% at 30 cg/ml
perlecan. In contrast. perlecan did not affect MC attachment to LN.
Perlecan exerted its antiadhesive effect also on the 120 kDa cell-binding
fragment of FN, which does not include the heparin binding domain MCs
adhere to FN via the RGDsensitive a5j31 integrin receptor. Therefore we
tested the influence of perlecan on the sensitivity of FN-MC binding to
soluble RGD peptides. 1000 j.g/ml soluble RGD decreased MC-FN
binding at 1 hour adhesion time by 50%; 100 cg/ml RGD had only little
effect (<10%) 10 cg/ml perlecan alone reduced MC binding to FN by
50% and completely inhibited binding when used simultaneously with 100
cg/ml RGD. Perlecan (20 .cg/ml) significantly decreased the 3H-thymi-
dine-uptake of MCS on FN-coated surfaces by 25% (DNA-synthesis as
corrected for number of adherent MCs). Neither perlecan nor LN nor
their combination affected DNA-synthesis. The data indicate that perlecan
regulates the strength of FN binding to MCs, either by an induced
conformational change of FN or by modulating the a5131-integrin affinity.
our findings support the concept that perlecan has the ability to act as an
endogenous inhibitor of mesangial cell adhesion and proliferation. The
exact mechanism involved in this effect of perlecan remains to be defined.
Comparison of 35S-glycosaminoglycans (GAG) & proteoglycans (PG)
synthesized in vivo and in vitro by rat glomerular cells. G. W. Williams &
M. Davies, Institut of Nephrology, Cardiff Wales, UK In vitro studies with
glomerular cells have proved a useful technique with which to study
normal glomerular physiology but the results are often difficult to inter-
pret. Here we highlight these problems with respect to the synthesis of
glomerular proteoglycans (PG). In vivo PGs were labelled by injecting
animals with 2 doses of 1 mCi Na2 35S04/lOOg body weight over 7 h. !n
vitro PGs were labelled by incubating with 35S04 (50 ,uCi/ml) for periods
up to 20 h either (i) isolated glomeruli or (ii) kidney sections prior to
isolating glomeruli. Glomeruli were extracted either with (a) 0.2% Triton
X-100 (T) followed by 6 M Guanidine HC1 (G) or (b) digested with papain
to release 355-GAGs. Analysis of various extracts was carried out by
digestion with chondroitin ABC lyase, chondroitin AC-!! lyase or nitrous
acid to quantitate different PGs and determine the heparan sulphate (HS):
dermatan sulphate (DS): chondroitin sulphate (CS) ratios. The results
shown below indicate that in vivo HS is the predominant GAG whereas in
vitro DS/CS are the major species. Furthermore kinetic labelling studies
indicate that the switch from HS synthesis to CS/DS occurred immediately
after kidney removal. Analysis of in vivo labelled 35S-PG indicate that
versican and biglycan/decorin, the major PGs synthesized by mesangial
cells in culture, were present as minor species. These results emphasise the
importance of whole animal experiments for the study of the glomerular
matrix components.
35S-GAGs iso
T
lated fro
!n vivo
m glome
G
rular renal cells
In vitro (i)
T+G
In vitro (ii)
TBG
HS (%) 90 80 31 58
DS(%) 8 16 40 32
CS(%) 2 4 29 10
Low density lipoprotein stimulates mesangial cell proteoglycan produc-
tion. D.C. J'Vheeler, R.S. Chana, G.J. Thomas, J.D. Williams, M. Davies,
Institute of Nephrology, Royal Infirmary, Cardiff UK Hypercholesterolae-
mia causes glomerulosclerosis in small mammals and may contribute to
progressive renal injury in man. One prominent feature of lipid-induced
glomerular scarring in animal models is the accumulation of mesangial
matrix. The following studies were designed to investigate whether low
density lipoprotein (LDL) enhanced mesangial cell (MC) matrix deposi-
tion by increasing production of proteoglycans. Growth arrested human
MCs were incubated in sulphate-depleted serum-free medium for 24 h
with 50 cCi/m1 Na2[35S]S04 and LDL (10—100 cg protein/ml). Metabol-
ically labelled macromolecules were extracted and quantified. LDL stim-
ulated labelling of proteoglycans (PGs) in both the cell layer and
conditioned medium in a time- and concentration-dependent manner.
Analysis of 35S-glycosaminoglycans following papain digestion of core
proteins demonstrated no change in size or charge suggesting that
increased 6S incorporation reflected a true increase in PG synthesis.
Similar results were obtained with oxidized LDL. Characterisation of PGs
by dissociative CL-4B gel chromatography before and after digestion with
chondroitin ABC lyase demonstrated that LDL selectively upregulated a
high molecular weight chondroitin-suiphate PG species. In separate
experiments, the large chondroitin sulphate and a small dermatan sul-
phate PG (decorin and biglycan) were isolated from pooled MC condi-
tioned medium. When incubated with LDL, binding of lipoprotein by both
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PGs was demonstrated by the formation of a cholesterol-containing
precipitate. This interaction was Ca dependent and was abolished by
digestion with chondroitin ABC lyase suggesting the involvement of
glycosaminoglycan side chains. These results demonstrate that LDL may
stimulate accumulation of PGs in the mesangium and binds to these
secreted macromolecules.
Glomerular hyperplasia and hypertrophy in Milan normotensive strain
rats ex vivo studies in isolated glomeruli. S. Kastner, K Lubbe, L. M. Feis,
H. Stoite. Division of Nephrology, Hannover Medical School, Konstanty-
Gutschow-Str. 8, 30625 Hannover. The Milan normotensive strain (MNS)
rat is a model that spontaneously develops progressive proteinuria at the
age of 3 months. Glomerulosclerosis subsequently starts at 6 months of
age without any indication to immunological injury or systemic hyperten-
sion. This unique model was applied to investigate in a long term study
(12—48 weeks) whether hyperplasia rather than/or in addition to hyper-
trophy plays a role in the development of glomerulosclerosis. Total
glomerular DNA content served as an index of cellularity. Protein/DNA
ratio was applied as a measure of matrix deposition. Total glomerular
volume and extracellular volume were estimated isotopically as glomeru-
lar 3H-H20 space or '4C-inulin space, respectively. Cellular volume was
calculated as the difference between total glomerular volume and extra-
cellular volume. Further, glomerular proteolytic activity was quantified by
the azocasein test. Wistar (W) rats were used in all experiments as a
control strain. The results indicate that during the development of
glomerulosclerosis in MNS rats two phases can be observed. During phase
I (12—24 weeks) total DNA content remained almost unchanged in
glomeruli of MNS rats, while the protein/DNA ratio significantly in-
creased between 12 and 24 weeks (MNS: + 190% vs. W: + 59%). Parallel,
the cellular volume/DNA ratio increased between 12 and 24 weeks only in
glomeruli of MNS rats (MNS: +97%). The high glomerular protein
content might be due to an accumulation of extracellular matrix (ECM) as
a result of a low activity of proteolytic enzymes in glomeruli of MNS rats
(12 weeks: 105.1 6.5 mU/min/jg DNA) as compared to Wistar rats (12
weeks: 209.9 30.9 mU/min/rg DNA). Further, the results proof an
unchanged total cell number while cell size increased. During phase II
(36—48 weeks) total DNA content was significantly elevated only in
glomeruli of MNS rats (36 weeks 7.2 0.43, 48 weeks 10.1 0.9
rg/glomerulus). Concomitantly, the protein/DNA ratio increased slightly
between 36 and 48 weeks (MNS: +17%). During this phase the cellular
volume/DNA ratio remained stable, however on a lower level compared to
24 weeks. These findings suggest a proliferation of small volume cells
occuring in phase II, with a moderate accumulation of ECM. In summary,
the presented study demonstrates (1) that both, hypertrophy and hyper-
plasia, are responsible for the development of glomerulosclerosis in MNS
rats and (2) occur consecutively at different stages of the disease. The
initial pathogenic insult is neither due to immunologic factors nor to
changes in blood pressure, but is probably genetically determined. Sup-
ported by the DFG (Sto 71/6-3) and CEC (BlOT-Cl 91-0266)
Iduction of IgA mesangial glomerulonephiritis (IgAGN) by dextrans in
rats. A. Fomasieri, M. Li S. Armelloni, M.P. Rastaldi, C. Pinerolo,
P. Napodano, F. Fe,rario, G. D'Amico. Division of Nephroiogy-San Carlo
Borromeo Hospital-Milan-italy. Two active models of IgA-GN were in-
duced in groups of 24 Lewis rats by cathionic dextrane (DEAE.d) and
anionic dextrane (SD-d). After 3 s.c. administrations every 10 days,
dextrans were injected i.v. daily at increasing dose up to 3.5 mg for 8
weeks. 3—4 surgical biopsies were performed on each animal. All animals
treated with DEAE-d developed nephrosic proteinuria (300 —750 mg/24h)
and microscopic haematuria at week 3; 25% had also gross haematuria.
Renal biopsies showed at- week 3 some proliferation and severe mesangial
expansion with IgA, 1gM and C3 deposition. At week 6 and 8 focal
interstitial peritubular infiltration appeared, with prevalent DR4+ cells.
At this time arteriolar hyalinosis, segmental sclerotic changes and extra-
capillary proliferation were also observed. Determination of IgA-fibronec-
tin complexes by ELISA indicated a significant increase at day 8 (optical
density, mean sd = 601 169 vs 287 72 of controls; P < 0.0008). All
rats treated with SD-d progressively developed microscopic haematuria,
proteinuria <50 mg/24 h, and 50% of the animals showed gross haema-
tuna. At week 4 focal mesangial proliferation, IgA, 1gM and C3 deposition
without interstitial infiltration nor vascular lesions appeared at renal
biopsy. These animal models show some essential clinical and immuno-
histological features of human IgAGN providing a useful mean for future
pathogenetic studies.
Increased severity of glomeruloscierosis in the rat puromycin amino-
nucleoside (PAN) model is associated with increased MCP-1 but not
TGF-13 expression. B. Schiller', J. Moran2, 'Section of Nephrology, Rush
Presbyterian Medical Center, Chicago; 2Baxter Healthcare Corporation,
McGaw Park, IL, USA. The effects of L-2-oxothiazolidine-4-carboxylic
acid (ProcysteineTM), an orally active agent which increases cell glutathi-
one levels, were investigated in rats given a single injection (15 mg/bOg
bwt) of PAN, an agent postulated to damage glomerular epithelial cells by
a mechanism involving free radical production. Procysteine markedly
improved the well.being of rats given PAN during the acute phase and
prevented weight loss. Proteinuria was lower in the PAN/Procysteine
group after 14 days (505 108 vs 644 29 mg/24 h, 0.10 > P> 0.05) but
was not different at 28 days. The control group given Procysteine alone
showed increased body weight compared to normal rats at both 14 and 28
days (P < 0.01). Cytokine expression evaluated by Northern blot of whole
kidney RNA (3—5 rats per group) showed a marked upregulation of
monocyte chemoattractant protein-i (MCP1) after 14 (6-fold) and 28 days
(4-fold) in the PAN/Procysteine group compared with a 4-fold and 3-fold
increase in the PAN group respectively. Fibronectin expression was found
to be 6-fold increased in the PAN/Procysteine group after 14 days—more
than twice that in the PAN alone group (2.8-fold). After 28 days
fibronectin expression was 2-fold increased in both groups. Transforming
growth factor-a (TGF-!3) was 2-fold increased in both PAN groups at both
time points. IL-j3 and TNF-a were not detected in any group. Surprisingly,
focal glomerulosclerosis (FGS) assessed by PAS stain was much worse at
4 weeks in the Procysteine/PAN group compared to PAN alone (41
8.2% vs. 23 4.5%, P < 0.02). Procysteine improves the immediate
outcome following the injection of PAN, but leads to worsening of FGS
during the repair process. This is likely related to increased MCP-l and
fibronectin expression.
Prolonged metabolic acidosis does not induce chronic renal injury. D.
Throssell, KPC Harris, J. Walls, Department of Nephrology, Leicester General
Hospital, Leicester, UK In the rat, short periods (2—4 weeks) of metabolic
acidosis produce renal hypertrophy, tubular proteinuria and abnormal
tubular morphology. Whether prolonged acidosis causes chronic renal
damage is unknown. To address this question, acidosis was induced in 32
Wistar rats for 14 weeks by dietary supplementation with 20 mmol
HC1/day. Compared with 21 pair-fed controls, acidotic animals showed
slower weight gain (303 4 vs 255 9 g body weight at week 14, P <
0.001) and developed proteinuria which reached a maximum of 10.0 0.9
mg at eight weeks (P < 0.001) but subsequently fell to 3.7 0.3 mg at 14
weeks (NS). At sacrifice, experimental animals were acidotic (pH 7.35
0.02 vs 7.41 0.01, P < 0.005) and demonstrated renal hypertrophy
(kidney/body wt 0.356 0.017 vs 0.294 0.008 g%, P < 0.001) but had
normal serum creatinine (58 4) and (GFR (0.900 0.O7ml/ min/100 g
body wt). Kidneys were normal by light microscopy, and staining with ED1
antibodies showed no excess of interstitial macrophages. Markers of
glomerular basement membrane anionic charge showed no reduction
compared with control. These findings demonstrate that the structural and
functional abnormalities of early acidosis do not progress to chronic renal
failure if the insult is prolonged. Metabolic acidosis therefore seems
unlikely to play a significant role in progression of established renal
disease.
Glomerular hypertrophy (GH) and glomerulosclerosis (GS) in protein-
uric rats. T. Tóth, P. Baglyas, J. Lestyán, L. Rosivali" Department of
Pathology, County Hospital, Veszprem, Hungary, 'Department of Pathophys-
ioiogy, Semmeiweis Medical University', Budapest, Hungary. Heavy protein-
uria (PU) is well known to result in irreversible glomerular damage
accompanied by tubulo-interstitial (TI) lesion, and nephron loss causes
GH in the remnant glomeruli. The role of heavy transitional albuminuria
on the progression of renal disease was studied in 30 female, uninephrec-
tomized Wistar rats. After the nephrectomy on the right side the rats were
divided into two groups. 15 rats were injected 3 ml of 28% solution of
bovine serum albumin (BSA), ip., daily, for 5 days (Group A). The other
15 rats received 3 ml destilled water ip., daily (Group B). On the 80th day
after the start of injection PU was more heavy in Group A than B (4.0
1.1. vs. 1.3 0.8 g/day). Glomerular cellular lesion was significantly more
severe in BSA treated animals. Global GS occurred only in rats of Group
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A. GS was never observed in absence of TI lesions. Accelerated glomer-
ular injury after renal ablation in BSA treated rats was associated with
substantial OH with nearly doubling of the tuft size (Group A —2.89
0.12 vs. B = 1.26 0.15 jm3 10). Significant correlation was detected
between the glomerular tuft-size and the PU (r = 0.81, P < 0.001, N =
645). Thus it is demonstrated that albumin overload results in severe intra-
and extraglomerular changes, and provokes severe GH in uninephrecto-
mized rats suggesting that even transitional heavy albuminuria may initiate
progression of morphological changes in renal disease.
Accelerated renal damage and impaired survival in Heymann nephritis
following inhibition of nitric oxide (NO) synthase. I. Tikkanen, N.
Uhlenius, T. Tikkanen, H. Holthofer, A. Miettinen, T. Tomroth, F. Fyhrquist,
Minerva Institute for Medical Research and IVth Dept. of Medicine and Dept.
of Bacteriology and Immunology, University of Helsinki, Finland. To study
the role of NO in the progression of chronic nephritis, rats with Heymann
nephritis (HN) were treated with L-NAME (0.1 or 0.5 mg/mI in drinking
fluid), an inhibitor of NO synthase (NOS). Blood pressure, proteinuria
and urinary excretion of cGMP (measured with RIA), used as an indicator
of NO activity, were followed. At week 1 2, kidneys were studied
histologically and immuno-histochemically. In addition, groups of HN,
L-NAME, and HN-L-NAME rats were also treated with captopril (0.2
mg/mI in drinking fluid), an ACE inhibitor. Results: Basal urinary cGMP
excretion was decreased during the late course of HN. NOS inhibition
with L-NAME dose-dependently elevated blood pressure, aggravated
proteinuria, accelerated renal damage and impaired survival in HN rats.
Deposition of IgG or components of complement were not altered
following NOS inhibition. Treatment with captopril increased cGMP
excretion, prevented hypertension and improved survival in L-NAME-
treated HN rats. Conclusions: Diminished basal activity of NO may
predispose to hypertension and renal damage in chronic nephritis. In HN,
further inhibition of NO production by NOS inhibition leads to progres-
sive renal damage and impaired survival. Dysfunctional NO-system may
be activated by ACE inhibition resulting in renal protection and improved
survival in chronic nephritis.
Investigation of ICAM-1 and MCP-1 in the pathogenesis of interstitial
nephrosclerosis of 2KIC hypertensive rats. M. Mai, KF. Hilgers, H. Geiger.
Medizinische Klinik I, Univ. Erlangen-Numberg, Germany. We have previ-
ously shown that accumulation of extracellular matrix molecules (Col I,
III, IV, V, VI & fibronectin) in the renal interstitium occurs early in
hypertensive nephrosclerosis (HNS). This correlates with a significant and
progressive influx of T-helper cells and macrophages in the tubulointer-
stitial cortical area. AIM: We examined the role of intercellular adhesion
molecule 1 (ICAM-1) and monocyte chemoattractant protein 1 (MCP-1)
to investigate the mechanisms of the mononuclear cell infiltration. DE-
SIGN: As a model of HNS, the non-clipped kidney of 2-kidney, I-clip
renovascular hypertensive rats was examined after 1, 2 and 4 weeks of
hypertension (N = 7). The APAAP technique was performed on native
kidney section for identification of ICAM-1, its specific counterreceptor
LFA-1 and MCP-1. RESULTS: The development of HNS is characterized
initially by a moderate and later pronounced perivascular, interstitial and
tubular epithelial ICAM-l upregulation. The enhanced ICAM-1 staining is
accompanied by accumulation of LFA-1+ mononuclear cells in the
perivascular (day 14: 37 9 vs. 4 0.4 cells/mm2 in controls; P < 0.05)
and intertubular (127 11 vs. 32 3 cells/mm2 in controls; P < 0.005)
region of the cortex. This was maximal at day 14 and remained elevated
until day 28. In addition, the degree of interstitial LFA-1 + infiltrating cells
correlated with the level of tubular ICAM-1 expression. In contrast, the
MCP-1 staining pattern in the 2K1C rats was unchanged in comparison to
the controls. CONCLUSION: The results suggest that 1. ICAM-1 is
involved in the recruitment of leukocytes/lymphocytes via specific ICAM-
1/LFA-l interaction and 2. tubular cells may play a role in antigen
presentation & attraction of mononuclear cells in this model. 3. The
immunohistochemical data argue against a major role of MCP-1 in
hypertensive nephrosclerosis.
Invited Lecture 4
Wound healing in the TGF-pl null mouse: Effects of maternal transfer
of TGF-fil and increased expression of TGF-Iis 2 and 3. A.B. Roberts,
J.J. Letterio, A. G. Geiser, N.S. Roche, A.B. Kulkami*, R. D'Souza +, S.
Karlsson*, MB. Spom, Laboratory of Chemoprevention, Nd, *Develop
mental and Metabolic Neurology Branch, NINDS, Bethesda, MD. + Depart-
ment of Basic Sciences, Univ. of Texas at Houston. TGF-131 is the
predominant isoform of TGF-f3 released from degranulating platelets and
secreted by macrophages and fibroblasts. In a variety of experimental
models of wound healing, it has also been shown to be the major isoform
of TGF-/3 in wound fluid. Its levels are suppressed in models of impaired
healing and its repletion often restores wound healing to normal levels (1).
Based on these observations, it was proposed that wound healing would be
suppressed in mice lacking a functional TGF-f31 gene. These mice appear
normal at birth, but develop a wasting syndrome and die by 3—4 weeks of
age due to massive inflammation in many organs including heart and lungs
(2—4). Polyvinylalcohol sponges were implanted in the backs of 10 d old
TGF-J31 (+1+), (+ /—), and (—/—-) mice. Sponges were harvested 5—7 d
later, and expression of TGF-f3s 1, 2, and 3 and collagens I and 111 was
assessed both by in situ hybridization and by immunohistochemical
localization. Overall, the cellularity of the sponges was not dramatically
affected by the TGF-(31 genotype. Surprisingly, immunohistochemical
localization showed staining of TGF-j31 in the (—/—) mouse, especially in
fibroblasts and mononuclear cells which had migrated into the sponges;
staining for TGF-j3s 2 and 3 was enhanced in the (—I—) mice compared
to their (+/+) littermates. Studies using radiolabeled latent TGF-pl have
shown that the protein can be transferred transplacentally from the
TGF-13 (+1—) mothers and in the milk postnatally. We conclude that the
lack of significant impairment of wound healing in TGF-/31 null mice is
due, in part, to a combination of increased expression of TGF-/3s 2 and 3
and to maternal transfer of TGF-pl.
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Atrial natriuretic peptide (ANP)-mediated growth suppression in mu-
rifle mesangial cells (MMC): Role of transforming growth factor 3 (TGF,
3). G. Wolf C. Zahner, F. Thaiss, R. Stahl; Div. Nephrology and Osteology,
University of Hamburg, Germany. Several investigators have previously
shown that exogenous ANP has growth suppressive effects on cultured
MMC. The mechanism of this antiproliferative effect is only uncompletely
understood. Since TGFj3 has also weJI-characterized antimitotic effects in
MMC, we tested the hypothesis that the ANP-induced growth inhibition in
MMC may be mediated by endogenous induction of TGF/3. Exogenous rat
ANP induced mRNA for TGFp1 in a concentration dependent manner. In
contrast, rat ANP fragments 3—28 and 4—27, which do not activate the
guanylate cyclase pathway, failed to induce TGFP1 transcripts. Transient
transfection of chimeric gene constructs containing two different TGF/31
promoters linked to the CAT gene revealed only little stimulation by ANP
suggesting a mainly post-transcriptional mechanism of TGF,131 mRNA
induction. 106_105 M ANP induced specific TGF/31 activity in super-
natants of MMC as measured by the mink cell bioassay. Western blotting
of MMC lysates revealed also the presence of TGFI31 in cells stimulated
with 106 M ANP for 24 h but not in unstimulated controls. The
ANP-mediated growth inhibition of MMC cultured in 10% serum was
abolished by 30 g/ml of a neutralizing monoclonal anti-TGFf31_3 anti-
body (controls: 8.5 0.9, 10% serum: 20.3 1.6*, 10% serum + 10 M
ANP: 12.8 1.0#, 10% serum + iO M ANP + anti-TGF/3 antibody:
17.0 1.0 x i04 cells; N = 6, < 0.01 vs controls, #P < 0.05 vs 10%
serum). Our results suggest that the antiproliferative effect of ANP in
MMC are, at least to some extent, mediated by endogenous activation and
secretion of TGFI3.
Autocrine regulation of human mesangial cells and the role of cytokines
and growth factors. A. Francki, P. Uciechowski, J. MD. Ohe, K Resch, H.H.
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Radeke. Institute of Molecular Pharmacology, Medical School Hannover,
30625 Hannover, FRG. Many forms of glomerulonephritis are character-
ized by mesangial dysfunctions in form of the proliferation of human
mesangial cells (HMC). The proliferation of HMC is regulated by a
network of cytokines and growth factors, In this study we investigated the
important role of basic fibroblast growth factor (bFGF) in the autocrine
regulation of HMC and the regulatory interactions between bFGF,
platelet derived growth factor (PDGF), bacterial lipopolysaccharide (LPS)
and the multipotent cytokines Interleukin-1 a (IL-la), Interleukin-1j3
(IL-113) and Interleukin-6 (IL-6). We demonstrated that bFGF stimulated
the proliferation of HMC in a dose- and time-dependent manner up to
sevenfold in comparison to the controls, whereas IL-la, IL-1 and IL-6
failed to induce proliferation in HMC directly. In Western-Blot analysis
using protein preparations from nuclei, cytosols, membranes and super-
natants of HMC, we found bFGF accumulated in the membranes of HMC
after stimulation with IL-la, PDGF, IL-6 and hFGF itself Additionally,
bFGF is detected in the supernatant after stimulation with IL-I /3, PDGF
and LPS. Using a RT-PCR-technique in which we standardized the
control-reaction with /3-tubulin, an ubiquitously expressed gene, we were
able to quantitatively compare the amounts of RNA in stimulated and
unstimulated HMC. In these experiments we observed that the expression
of bFGF-RNA in HMC is significantly elevated after stimulation with
IL-la, IL-i/I and LPS. After stimulation with IL-fl, PDGF and bFGF itself
no increased induction of bFGF-RNA in HMC was detectable. These
results suggest that bFGF, in addition to PDGF, is the most important
growth factor which induces direct proliferation in HMC. In contrast to
IL-6, IL-la and IL-i/I are playing a keyrole in the induction of bFGF and
subsequently in the autocrine regulation of the HMC.
High glucose (6) modulates growth factors gene expression in human
mesangial cells (HMC)- £ di Paolo, L. Gesualdo, B. Ranie,j F.P. Schena,
Chair and Division of Nephrology R, University ot Bar4 Italy. Expansion of
glomerular extracellular matrix and thickening of the glomerular base-
ment membrane, without evidence of MC proliferation, are the hallmarks
of diabetic glomerulopathy. PDOF, the major mitogen for HMC in vitro,
may also regulate matrix metabolism in HMC either directly or through
the release of other growth factors. Cell responsiveness to PDGF appears
to be regulated not only by the availability of the ligand, but also by the
regulated expression of its specific cell surface receptors. We examined the
gene expression of PDGF-f3 (by quantitative RTPCR), PDGF-/3 receptor
(R) and TGF-/3 (by Northern blot analysis), together with the modulation
of PDOF BB binding, in HMC exposed to high 0. 30mM glucose induced
a striking increase of PDGF-B mRNA at 6 h, followed by a net decline at
24 h, to levels superimposable to control cells. TGF-fI expression showed
45% and more than 90% increase at 24 h and 48 h, respectively, while
PDGF-/3 R specific transcript peaked to levels more than two fold higher
than in control cells at 24 h and declined to levels 25% lower than in
control at 48 h. Finally, '251-PDGF BB binding to HMC exposed to high
0 for 48 h at 37°C showed a 33.5 12.0% decrease towards cells
incubated with 10 mM glucose. Cell proliferation assay demonstrated that
high G inhibited HMC proliferation starting from 72-96 h. Thus, high 0
seems to induce an early and transient activation of PDGF autocrine loop
which, in turn, causes an increase of TGF-/3 expression, thus possibly
modulating both HMC proliferation and mesangial matrix metabolism.
A hypoxia-inducible, endothelin-1 mediated, autocrine growth loop
involved in hnman renal tubular regeneration. A.C.M. On& ID. Firth',
T.P. lowell, S. Burton, F.E. Karet2, L.G. Fine, Dept of Medicine, University
College London Medical School, London', Institute of Molecular Medicine,
University of Oxford & 2flept of Clinical Pharmacology, University of
Cambridge. Little is known about how the renal tubule regenerates after
ischaemic injury. An ideal regenerative system would require release of a
mitogen upon exposure of the tubular cell to hypoxia and the existence of
cell-surface receptors to mediate the regenerative growth response. We
examined whether the endothelins might play a role in this context.
Cultured human renal proximal tubular cells synthesised ET-1 in a
time-dependent manner (200—400 fmol/mg cell protein/24 h). All three
endothelin peptides (ET-l, ET-2 and ET-3) were detected by immunora-
diometrie assay of conditioned medium subjected to reverse-phase HPLC.
The cells also expressed mRNA for FT-i and ET-2 as assayed by specific
RNAase protection assays for human FT-i and ET-2. Saturation and
competition binding studies showed that these cells bound 125I-ET-1 with
high affinity. Ligand-fitting analysis of competition binding between
'25I-ET-1 and cold ET-3 further suggested the presence of at least two
receptors with different K, (9 pM and 43 nM) and Bm(i2 pmol/mg
protein and 1.Spmol/mg protein) respectively. Analysis of total cellular
RNA by nested PCR using appropriate primers showed the presence of
mRNA for ETA and ETB receptor subtypes. All three endothelins were
mitogenic for tubular cells even at concentrations as low as 10"M.
Exposure of the cells to hypoxie conditions (1% 02) caused upregulation
of ET-1 gene expression but not that of ET-2 or ET-3. Immunohistochem-
ieal staining of normal human renal tissue showed widespread tubular
loealisation of ET-1 immunoreactivity in proximal tubules, distal cortical
tubules and medullary collecting ducts. These findings suggest the exis-
tence of an autocrine growth loop mediated by FT-i in human renal
proximal tubular cells which can be upregulated by hypoxia. The wide-
spread distribution of ET-1 in different tubular segments may imply a
more general role for ET-1 in renal tubular regeneration.
Invited Lecture 5
Transcriptional regulation in kidney development. V.P. Sukhatme,
Harvard Medical School-Beth israel Hospital, Renal Division, Boston, MA.
We will begin with a review of the major events operative in mammalian
development in general and then focus on kidney development. A
description of this process will follow with emphasis on unsolved prob-
lems. The second part of the talk wilt concentrate on approaches to
unraveling transcription factor cascades to provide a framework by which
to understand certain developmental processes. A review of transcription
factors and gene regulation will be presented with particular emphasis on
a zinc finger transcription factor known as the Wilms' Tumor suppressor
protein WT1. Studies showing how WTI functions as a transcriptional
repressor of several growth factors and receptors will be presented.
Finally, recent studies aimed at understanding regulation of this critical
gene will be discussed.
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Can antisense oligonucleotides be used to study the role of specific
genes in organ development? M. Durbeej, P. Ekblom, Department of
Animal Physiology, Uppsala University, Sweden. Antisense oligonucleotides
have recently become popular tools to study the role of defined genes in
development. In kidney organ cultures, antisense oligonueleotides against
low-affinity nerve growth factor receptor inhibited the formation of kidney
tubules, suggesting that p75'° could be involved in inductive interac-
tions during kidney development (1). However, we could not show specific
inhibition of development with antisense low-affinity NGFR oligonueleo-
tides (2). Instead, phosphorothioate oligonucleotides caused non-specific
toxicity in organ cultures of embryonic mouse and rat kidneys. Antisense,
sense and nonsense phosphorothioate oligonucleotides directed against
low-affinity NGFR, trkB, e-ros and immunoglobulin affected tubular
branching equally well, and necrosis was seen in the mesenchymal
compartment. We compared the effect of different concentrations of
antisense and sense oligonucleotides and found that the otigonueleotides
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were inhibitory over the same concentration range: 1 jiM did not affect
kidney development, 3 jiM was partially inhibitory and 5 jiM or 10 jiM
were clearly inhibitory. Uptake studies showed that phosphorothioate
oligonucleotides are taken up exclusively by mesenchymal cells. Yet,
antisense oligonucleotides directed to genes expressed only by epithelial
cells still inhibited kidney development. Studies with phosphorothioate
antisense oligonucleotides in organ cultures should thus be interpreted
with caution. We are currently investigating whether other modifications
than phosphorothioate might be useful in organ cultures and preliminary
results show that BlockTightTM allylmodified oligoribonucleotides at least
are non-toxic in kidney organ cultures.
LPS and cyclic AMP synergistically induce interleukin-6 gene expres-
sion through activation of four transcription factors. U Dendorfer, TA.
Liber,nann, Medizinische Poliklinik der Ludwig-MaximiliansUniversitat,
München, Gemiany; Beth Israel Hospital, Boston, USA. Several lines of
evidence indicate that interleukin-6 is involved in the pathogenesis of
glomerulonephritis and interstitial renal disease by acting as an autocrine
growth factor for mesangial cells and as a mediator of inflammation.
Bacterial endotoxin (LPS) and cyclic AMP are potent inducers of IL-6
gene expression. In the monocyte/macrophage cell line, PU5-1.8, cAMP
treatment by itself caused only low-level IL-6 secretion, but strongly
enhanced LPS-stimulated production of the cytokine in a synergistic
fashion. In order to understand the mechanism of LPS- and cAMP-
mediated signalling at the transcriptional level, a 1.2 kb human IL-6
promoter fragment was inserted into a CAT reporter vector. Transient
transfection experiments showed that cAMP induced the IL-6 promoter
and that the synergism with LPS could also be observed when promoter-
driven CAT activity was measured. To evaluate the role of individual
transcription factors, several putative transcription factor binding sites
were eliminated using site-directed mutagenesis. Mutations in the AP-1,
CRE, NF-1L6, and NF-KB sites markedly reduced inducibility by LPS and
cAMP, but NF-KB was the only mutation that completely abolished
promoter responsiveness to LPS. The CRE appeared to be more impor-
tant in the cAMP-dependent pathway. Mutations in other potential
binding sites had no effect. Specific binding of nuclear proteins to the four
cis-regulatory elements was demonstrated by electrophoretic mobility shift
assays. DNA binding of NF-1L6 and NF-KB was inducible, whereas AP-1
and CREB formed constitutive complexes in resting cells as well. These
results indicate that LPS and cAMP exert their synergistic effect on IL-6
gene expression via activation of the IL-6 promoter and that at least four
transcription factors are required to transmit these signals to the nucleus.
Molecular regulation of interleukin-8 production in human glomerular
epithelial cells. L Baud, C Philippe, B. Fouqueray, NArdaillou. INSERM U
64, Paris. The neutrophil activating peptide interleukin-8 (IL-8) was
originally isolated from supernatants of activated m000cytes and mesang-
ial cells. We have hypothesized that glomerular epithelial cells (GEC)
would also contribute to its synthesis. Levels of immunoreactive IL-8 were
determined in the culture medium of human SV-40 transformed and non
transformed GEC, using a specific ELISA. Both cells produced amounts
of IL-8 that were increased by exposure to tumor necrosis factor (TNFa).
TNFa augmentation of IL-8 release required at least 2h of exposure to a
minimal concentration of 0.1 pg/mI TNFa. Blot hybridization analysis of
GEC RNA using a human IL-8 cDNA revealed a messenger RNA that
was also increased on exposure to TNFa. We evaluated the potential
involvement of NFKB and AP-1 in these responses to TNFa. Addition of
TNFa increased the activation of NFKB (at 1 h) and of AP-1 (at 4 h) in
GEC as determined by electromobilitygel-shift assays (EMSA). Coincu-
bation with PDTC, a scavenger of reactive oxygen species, blunted the
activation of NFKB, increased the activation of AP-1, and only partly
reduced IL-8 synthesis. Coincubation with curcumin, a specific inhibitor of
c-jun, blunted the activation of AP-1, and did not affect other TNFa
responses. Only coincubation with PDTC + curcumin blunted the activa-
tion of both NFKB and AP-1, and prevented IL-8 synthesis. We conclude
that TNFa-activated GEC potentially contribute to IL-8 synthesis within
the glomerulus. Transcription factors NFKB and AP-1 that are required
for this process may be regulated in opposite direction by reactive oxygen
species.
HgCI2.induced apoptosis of a murine T cell hybridoma is modified by
cytokines. J. Aten', N. Claessen', P. Prigent2, P. Poncet2, C. Blanpied2, A.
Chand1, J.J. Weening', P. Druet2, F. Hirsch2. 1Dept. Pathology, AMC,
Amsterdam; 2INSERM U28; Paris. In rodents, HgCl2 can induce T cell
activation leading in a genetically restricted way to either Thi-initiated
immune suppression or Th2-dependent systemic autoimmunity, involving
production of anti-GBM antibodies and development of glomerulopathy.
HgCl2-induced autoimmunity is accompanied by prominent cortical thy-
mic atrophy. The cellular response to HgCI2 was examined using the
murine T cell hybridoma 2B4. 1 1. Exposure to HgC12 induced both
necrosis and apoptosis in a dose- and time-dependent way, as demon-
strated by DNA fragmentation analysis, flow cytometry of isolated nuclei,
and morphological examination upon differential staining with the DNA-
binding dyes Hoechst 33342 and propidium iodide. HgCl2 was found to
cause Ca2-influx as well as mobilization of Ca2 from intracellular stores,
to induce generation of free radicals, and to diminish intracellular
glutathione (GSH)-levels. HgCI2 stimulated the production of IL-4, but
not of IL-2. Inhibition of GSH-synthesis enhanced the susceptibility to
HgCI2-induced cell death and seems to increase HgCl2-induced IL-4-
production. rlL-4 itself did not induce apoptosis of 2B4. 11 cells. However,
both rlL-2 and mAb anti-IL-4 did partly inhibit HgC12-induced cell death.
Thus, HgCl2 can induce cell activation leading to cytokine production and
apoptosis, as well as necrotic cell death. Susceptibility to both HgC12-
induced cell activation and HgC12-induced cell death may be dependent
on the intracellular redox status.
Oxygen dependent expression of erythropoietin mRNA in rat kidneys.
K-U. Eckardt, P.J. Ratcliffe, S. Bachmann, S. Kouiy, A. Kurtz, (Department
of Nephrology, University Clinic Rudolf Virchow, Berlin; Institute of Physi-
ology, Regensburg; Institute of Molecular Medicine, Oxford; Institute of
Anatomy, Heidelberg, Vanderbilt University School of Medicine, Nashville.)
Serum levels of EPO, the main humoral regulator of red cell formation,
are normally inversely related to oxygen availability. In adults the kidneys
are the main production sites for EPO. To determine the cellular basis of
the renal control of EPO production we have studied the expression of
EPO mRNA in kidney homogenates using RNAse protection and on
histological specimens using in Situ hybridization. In rats exposed to
graded degrees of hypoxic hypoxia (11.5—7.5% 02) or blood loss (hct
16—37%) for up to 36 hrs, renal EPO mRNA levels were found to parallel
changes in serum EPO and increased exponentially with increasing
severity of hypoxia. In accordance with previous observations in situ
hybridization using radioactively or digoxigenin labelled probes revealed
EPO mRNA in peritubular cells of the renal cortex. These cells were
exclusively located in the cortical labyrinth and absent in medullary rays.
The number of cells expressing EPO mRNA increased up to 200 fold
under hypoxia and correlated closely with the total amount of renal EPO
mRNA, indicating that the EPO mRNA content of single cells is fairly
constant under different degrees of oxygenation. To identify the cells
producing EPO a double labelling was performed for EPO mRNA and
5'-ectonucleotidase (5'-NU), an enzyme which is expressed on peritubular
fibroblasts, but not on peritubular endothelial cells. 68% of cells contain-
ing EPO mRNA in their center revealed a clear double labelling with
5'-NU on the cell surface and in further 18% of EPO mRNA containing
cells the hybridization signal was partially surrounded by 5'-NU-immuno-
fluoresence. Conversely, however, even under severe hypoxia less than
about 20% of all 5'-NU positive peritubular fibroblasts contained EPO
mRNA. In conclusion the data show (i) that the control of EPO
production operates at the level of its mRNA, (ii) that peritubular
fibroblasts located in the cortical labyrinth, i.e. adjacent to convoluted
tubules, are the cellular production sites of EPO in the kidney and that
(iii) a graded response of EPO production to changes in oxygen availabil-
ity occurs through graded changes in the proportion of peritubular
fibroblasts, in which the EPO gene is activated.
Invited Lecture 6
Regulation and consequences of NO synthase activity. R. Busse, I.
Fleming, Zentrum der Physiologie, Klinikum der JWG-Universitat, Theodor-
Stern-Kai 7, D-60590 Frankfurt am Main, Germany. The nitric oxide
synthases (NOS) are a family of enzymes that catalyse the conversion of
the amino acid L-arginine to nitric oxide (NO) and L-citrulline. Although
all of the NOS isoenzymes require NADPH, FAD, FMN, and BH4, as
cofactors the family can be divided into two distinct groups depending on
whether the enzyme is constitutively expressed (cNOS) or is induced
following stimulation with cytokines (iNOS)1. Endothelial cells and cer-
tain neurones constitutively express cNOS isoforms the activation of which
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are dependent on the presence of Ca2/calmodulin (CaM). In contrast to
its role in other enzymes, CaM has been shown to facilitate the reduction
of the prosthetic heme group in NOS by passing on electrons derived from
NADPH2. The constitutive enzymes can be acutely regulated by increases
in the intracellular concentration of Ca2 ([Ca2]1) and changes in
intracellular pH3. Both parameters change following cell stimulation with
receptor-dependent or -independent agonists as well as by mechanical and
chemical stimuli4. The endothelial cNOS differs from the other isoforms of
the enzyme in that it contains a consensus sequence for myristoylation by
acyltransferases, a modification which facilitates its association with the
plasma membrane5 and may be important in the transduction of mechan-
ical stimuli such as fluid shear stress. The gene sequence for the
endothelial cNOS encodes a shear stressresponsive element and a putative
sterol element suggesting that local changes in shear stress and sterol
concentration may alter enzyme expression and represent a more chronic
means of regulating NO production6. Indeed exposure of cultured endo-
thelial cells to shear stress enhances the level of cNOS mRNA and protein.
A number of cells types including macrophages, vascular smooth muscle
cells, mesangial cells, endothelial cells and cardiac myocytes are capable of
expressing an inducible Ca2-indepeudent form of NOS (iNOS) following
exposure to cytokines such as IL-i, TNF-cs, IFN7 or to bacterial endotox-
ins. Once expressed the activity of iNOS is dependent only on the
availability of its substrate L-arginine and the essential cofactor BH4.
Chronically, iNOS expression can be enhanced by cyclic AMP-elevating
compounds such as CGRP, isoproterenol and forskolin7 whereas throm-
bin, IGF-1 and PDGF have been shown to inhibit cytokine-induced iNOS
expression8. Once formed NO exerts its biological actions via a number of
mechanisms most of which are mediated by the interaction of NO with
heme or non-heme ironeontaining cofaetors of different target proteins.
NO activates soluble guanylyl cyclase by binding to the prosthetic heme
group and the resulting increase in the intracellular content of cyclic GMP
leads to a decrease in [Ca2]1 in vascular smooth muscle cells and
thrombocytes. Furthermore, NO is known to destroy the iron-sulphur
centers of enzymes such as the tricarboxylic acid cycle enzyme aconitase
thus inhibiting oxidative phosphosylation. High amounts of NO have been
found to inhibit ribonucleotide reductase and prevent DNA synthesis.
Tyrosine and cysteine containing proteins may represent an alternative
NO target due to their susceptibility to nitrosylation, for example, a
cysteine residue at the active site of the glycolytie enzyme glyceraldehyde-
3-phosphate dehydrogenase is inhibited after NO-induced nitrosylation
and subsequent ADP-ribosylation. More recent data suggests that NO
may also inhibit expression of gene products (such as fibronectin, collagen
and MCP-1) in endothelial cells, which are involved in the process of
atherosclerosis, suggesting that NO may be a crucial vasoproteetive
principle.
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Platelet derived growth factor and basic fibroblast growth factor
differentially modulate interleukin 1-induction of nitric oxide synthase
in rat mesangial cells. D. Kunz, G. Walker, W. Eberhardt, H. Muh4 J.
Pfeilschifter, Dept. Pharmacology, Biocenter, University of Basel, Basel,
Switzerland. Recently we have shown that exposure of rat glomerular
mesangial cells to proinflammatory cytokines such as Interleukin 1(3
(IL-1f3) can induce a maerophagetype of nitric oxide synthase (iNOS).
Northern-blot analyses of iNOS mRNA-levels and nuclear run-on exper-
iments of control and IL-ip stimulated mesangial cells revealed that the
induction of iNOS was at the transcriptional level. Here we demonstrate
that platelet-derived growth factor BB (PDGF-BB) can suppress the
IL-1f3 dependent induction of the iNOS gene. Northern-blot analyses of
RNA isolated from mesangial cells that were coincubated with IL-1/3 and
PDGF-BB revealed a dose-dependent suppression of iNOS mRNA-levels.
Using run-on in experiments with nuclei from mesangial cells we demon-
strate that the inhibition occurs at the transcriptional level. Basic fibroblast
growth factor (bFGF), on the other hand, potentiates the IL-1J3 depen-
dent stimulation of iNOS. Coincubation of mesangial cells with IL-13 and
bFGF dose-dependently superinduces iNOS mRNA levels as shown by
Northernblot analyses of total cellular RNA. Run-on experiments with
nuclei from mesangial cells stimulated with IL-1j3 and bFOF revealed an
enhanced transcriptional activity of the iNOS gene. Thus, PDGF-BB and
bFGF differentially modulate the IL-113 dependent expression of the iNOS
gene.
Hemodynamic flow conditions differently modulate nitric oxide (NO)
synthesis by vascular endothelial cells (EC). M. Noris, At Morig4 C. Zoja,
£ Aiello, Al., G. Remuzz4 A. Remuzzi, Mario Negri Institute, Bergamo, Italy.
Recent evidence suggests that flow-dependent dilatation is due to release
of endothelium derived relaxing factors and particularly NO (J Clin Invest
88:1663,1991). It has been proposed that dynamic characteristics of flow,
i.e. laminar or turbulent, are important determinants of EC functions and
may have a role in atherogenesis. In the present study we evaluated
whether different flow conditions modulate NO synthesis by cultured EC.
Monolayers of human umbilical vein EC (HUVEC) were exposed to flow
(steady laminar: 2,8,12 dyn/cm2, periodic laminar: square wave cycles of 15
mm between I and 8 dyn/cm2, turbulent: mean 8 dyn/cm2) in a cone-and-
plate apparatus for 6 hr in the presence of 0.5 tCi/ml [3H]L-arginine. For
each experiment a second culture plate was kept in a normal incubator
(static). Synthesis of NO was evaluated by measuring the conversion of
[3Hjarginine to [3H]eitrulline. Laminar flow induced synthesis of NO by
HUVEC that was dependent on shear-stress magnitude (static: 0.11
0.02, 2 dyn/cm2: 0.38 0.24, 8 dyn/em2: 0.59 0.08*,12 dyn/em2: 1.42 +
0.19* umol [3H]eitrulline/ l05eells, mean SE, 0P <0.05 vs static). When
HUVEC were subjected to step change increases in laminar shear, a
further increase of NO synthesis was observed as compared to steady
laminar shear of the same magnitude. By contrast NO synthesis by EC
exposed to turbulent flow was comparable to unsheared cells. Results are
as follows (mean SE, P < 0.05 vs static, °P > 0.05 vs steady laminar and
turbulent):
Steady Periodic
Laminar Laminar Turbulent
[3H]citrulline (96 of static) 509 72* 62 938*0 145 46
These results indicate that blood flow characteristics, which are variable
and complex in the various branches of blood vessels, differently modulate
NO synthesis by EC this may affect vascular wall non-thrombogenicity
and local regulation of blood flow.
Intratubular Injections of NO blockade enhance the tubuloglomerular
feedback mechanism. C. Thorup, A.E.G. Persson. Department of Physiology
and Biophysics, Lund University, Sweden. From numerous recent studies
with systemic infusions of nitric oxide (NO)-synthase inhibitors we know
that NO-blockade results in increases in blood pressure (Pa), renal
vascular resistance and filtration fraction as well as decreases in renal
blood flow and urinary production. Early studies on the effect of NO-
blockade on glomerular filtration rate (GFR) showed confusingly results,
but more recent studies suggest that GFR is slightly decreased after NO
inhibition. Recently, we showed that the sensitivity (indicated by a
decreased turning point (TP)) and the reactivity (maximal response(zIP01)) of the tubuloglomerular feedback mechanism (TGF) were in-
creased by intravenously (i.v.) injections of Nco-nitro-L-arginine (L-NAG).
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But since i.v. infusion of L-NAG leads to major systemic effects, the
present study was designed. Using micropuncture techniques, TGF char-
acteristics were determined in anesthetized rats. To avoid systemic effects,
intratubular infusions of L-NAG (103M) were made directly into the
nephron under investigation. TP decreased from 19.8 1.0 to 15.2 0.7
ni min1 and APSf increased from 10.0 0.8 to 23.9 1.9 mmHg (24.3%
vs. 59.1%). Even L-NAG at a concentration of 104M, showed significant
changes in both TP (from 20.9 1.1 to 17.8 1.0 nI min1) and P,f (from
7.6 0.6i 0.6 to 13.9 0.7 mmHg), whereas 10 only resulted in a
significant increased zPi. Furthermore, measurements of early proximal
flow rate (EPFR) showed no change at low tubular perfusion rates with
L-NAG. At maximal TGF activation (40 ni min1) LEPFR was increased
from 34% in control to 62%. Our conclusion is that NO plays a very
important role in TGF regulation, by reducing the sensitivity and the
reactivity of this mechanism.
Cooperativity between soluble and particulate guanylyl cyclase systems
in the kidney glomeuli. B. Lewko, U Wendt, J. Stepinski, S. Angielski,
Department of Clinical Biochemistry, Medical Academy, Gdansk, Poland.
Our previous studies have shown that treatment of the rats with dexa-
methasone results in sensitization of the renal glomeruli to the nitric oxide
with concomitant decrease in sensitivity to ANF. The results suggest that
cooperativity between both soluble and particulate guanylyl cyclase sys-
tems may occur. Following experiments were designed to check whether
such interaction takes place in the glomeruli.The rats were treated for 2
days, i.m., with dexamethasone (DEX 4 mg/kg/day), deoxycorticosterone
(DOCA, 4 mg/kg/day) or with NAME (s.c., 40 mg/kg each 8 hours, for 24
hrs). Controls received saline. Kidney glomeruli were isolated, incubated
in the presence of different concentrations of ANF or sodium nitroprus-
side (SN?) and resulting cGMP production was determined. In the DEX
group, cGMP synthesis stimulated by SNP 100 j.sM was the highest of all
and exceeded about 6-fold synthesis in the presence of ANF 1 tiM. In
contrary, NAME glomeruli showed the highest production of ANF
1MM-stimulated cGMP, which exceeded SNP IOO,itM-induced synthesis
almost 3-fold.
Group of the rats
zcGMP [pmol/mg
ANF 1 M
prot/2 mm.]
SNP 100 jM
Control 16.6 4.3 16.1 3.3
DEX 4.1 1.4 25.6 4•5*
DOCA 9.1 4.2 21.1 6.6*
NAME 35.1 5.5 14.1 3.0*
Calculated correlation coefficient is striking high for this inverse associa-
tion between ANF- and SNP-induced cGMP synthesis (r = 0.987, P <
0.05). The results suggest that increased activity and/or sensitivity of one of
the cGMP-generating systems is accompanied by the decreased activity of
the second system.
Prolonged blockade of nitric oxide (NO) synthesis induces focal
segmental glomerular sclerotic (FSGS) lesions in gravid rats. M. Molnár,
T Sut4 T. Tôth, L. Rosivall, F. Hertelendy*, Institute of Pathophysiology,
Semmelweis University of Medicine, Budapest, Hungary *Department of
Obstetrics and Gynecology, St. Louis University, Medical School, St. Louis,
MO USA; County Hospital, Veszprém, Hungary. Based on our recent
observation that blockade of nitric oxide synthesis reverses pregnancy
induced refractoriness to vasopressor agents and causes sustained hyper-
tension (AJOG 166:1560 (1992) we have hypothesized that chronic
inhibition of NO synthesis in pregnant rats may induce preeclampsia-like
lesions of the kidney. To test this hypothesis gravid rats were instrumented
on the 14th day of gestation and infused continuously via the femoral vein
with Nw-nitro-L-arginine methyl ester (L NAME) (0.5 mg/kg/h) at a flow
rate of 0.3 mI/h, or with saline from d 18 until delivery (d 22). Blood
pressure was recorded via an aortic catheter at the same time each day in
freely moving conscious animals. Urinary protein, y-glutamyl-transpepti-
dase (GT), N-acetyl-13-D-glucosaminidase (13-NAG), platelet Count and
blood chemistry were measured. L-NAME treatment caused preeclamp-
sia-like symptoms in gravid rats: sustained hypertension (145 7mmHg),
proteinuria (60 3 mg/day), dramatic increase in urinary y-GT (20-fold)
and 13-NAG (5-fold) excretions, thrombocytopenia (50% reduction vs
control) and fetal retardation. Histological evaluation of the kidney
showed mild mesangial proliferation in both gravid and virgin rats.
However, FSGS lesions with fibrin depositions were observed only in
gravid animals. The percentage of glomeruli with FSGS out of the total
number of observed glomeruli was closely correlated with proteinuria (r =
0.724;P < 0.005; N = 10). Our result suggest that diminished synthesis of
NO may play a crucial role in the development of preeclampsia and also
provide a new model for glomerulosclerosis. (Supported in part by OTKA
T6249 and by th Hungarian Kidney Foundation.
Vasopressin increases AQP-CD water channel expression. S. Nielsen,
El. Christensen, S. DiGiovanni, P. Agre, MA. Knepper, Univ. of Aarhus,
Denmark; NIH, Bethesda, MD, USA; Johns Hopkins Univ. Med. School
Baltimore, MD, USA. The constitutive AQP-CHIP water channel is
localized in plasma membranes of proximal tubules and thin descending
limbs (J Cell Biol 120,1993). The collecting duct AQP-CD water channel
is selectively localized in apical membranes and subapical vesicles in
principal and IMCD cells (PNAS 90,1993), supporting the "Shuttle
hypothesis", which proposes AVP-stimulated exocytosis of water chan-
nels. To characterize the AVP dependency of AQP-CD water channels,
AQP-CD expression was analyzed in Brattleboro rats with manifest
central diabetes insipidus. Osmotic minipumps containing either AVP (N
= S) or vehicle (N = 5) were implanted subcutaneously for 5 days.
Additional Brattleboro rats were untreated (N = S) or water deprived for
48 hours (N = S). In untreated or vehicle-infused rats (urine < 300
mosm/kg) immunohistochemistiy revealed very low AQP-CD labelling of
IMCD cells, in contrast to heavy labelling of IMCDs in SPRD rat kidneys.
AVP-infusion (urine: 700—2300 mosmlkg) resulted in heavy labelling of
IMCD cells, with intense labelling of apical membranes and subapical
vesicles. Immunoblotting of membranes from inner medulla revealed a 29
kD and a 38—49 kD band corresponding to unmodified and glycosylated
AQP-CD, identical to blots from SPRD rats. Two-day thirsting of
Brattleboro rats was not sufficient to cause detectable increase in
AQP-CD expression, in contrast to the increase observed in SPRD rats.
AVP-treatment selectively increases AQP-CD water channel expression,
since no change in heavy AQP-CHIP labelling of descending thin limbs
was observed in vehicle- and AVP-treated Brattleboro rats or in thirsted
SPRD rats. Conclusion: In addition to short-term activation, long-term
AVP-stimulation is associated with increased AQP-CD water channel
expression, consistent with the view that AQP-CD is the predominant
AVP-regulated collecting duct water channel.
Effect of angiotensin II on protein kinase C in rat kidney proximal
tubule. J. Poggioli N. Defontaine, L. Micheli Z. Karim and M. Paillard.
INSERM 356, Université Paris VI., France. In the rat proximal tubule,
transepithelial solute and fluid reabsorption is under the control of
peptide hormones acting through multiple signalling systems. Protein
kinase C (PKC) regulates reabsorption by acting both on luminal Na/H
antiporter and basolateral Na-HCO3 cotransporter. We first characterized
the PKC isoform profile using phorbol esters and Ca + as pharmacolog-
ical tools, then the effect of angiotensin II (All) was studied in a
suspension of rat proximal tubules. The immunoblot analysis of PKC
isoforms of soluble and particulate fractions in the absence of any
stimulation revealed immunoreactive proteins when antibodies against
PKC a, b, e and but not '3, y were used.They were differently distributed:
in the soluble fraction, immunoreactivity was 80% for PKC and 25, 32, and
50% for PKC b, and . Homogeneizing the tubules in the absence of
divalent cation chelator elicited the translocation of PKC a only. PdBu
(0.1M,4min) induced the translocation of PKC a, b, and All (0.1DM)
induced a time-dependent increase in particulate PKC and immunoreac-
tivity . The effect on PKC a and was observed after 2 and 4 mm of All
application, respectively. It was maintained during the 12 mm tested,
meanwhile PKC and remained unchanged. PKC activity assessed by
histone phosphorylation was 0.94 0.19 and 0.67 0.09 pmol/.tgP/2min
in the soluble and particulate fractions respectively. In agreement with
Western blot analysis, a rise in particulate PKC specific activity to 1.79
0.15 (P < 0.001), 0.96 0.04 (P < 0.01) and 0.97 0.08 pmol4gP/2 mm(P < 0.05) was observed following stimulation with PdBu, ionomycin and
All respectively. These data indicate that PKC and are good candidates to
regulate Na/H and Na-HCO3 activity since they are translocated with a
time course fitting with that of the reported effect of All on those
transporters.
PKC phosphorylation modifies the E1-E2 transition of Na,K-AT-
Pase. Logvinenko N.S. , Larsson S.H. , Fedosova N. Esmann M.
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Naim A.C4 Greengard P4, Aperia A. ', *Dept. Pediatrics, Karolinska
Institutet, Sweden;, Lab. of Mol. and CelL Neuroscience, Rockfeller Univ.,
USA; **Inst, of Biophysics, Univ. of Aarhus, Denmark Nat,KtATPase,
the enzyme that yields energy to tubular Na reabsorption, can be
phosphorylated and inactivated in vitro by protein kinase C (PKC). Here
we have examined whether PKC phosphorylation may modulate NatKt
ATPase by modilring the cyclic interconversion of the enzyme between E1
Na4 and F2 F binding states. The fluorescence of eosin was used to
monitor this transition (BBA, 746:101, 1983). Phosphorylation of Na4 ,F-
ATPase purified from rat renal cortex was performed as described (PNAS,
88:11359, 1992) using purified PKC catalytic subunit (J. Biol. Chem.,
262:4836, 1987). Phosphorylated NatK4-ATPase was washed to remove
the traces of MgCI2, ATP and any other substances that might influence
the fluorescence measurement. Control enzyme was treated identically
except that PKC was not present. NC,K4ATPase in a Na-free buffer
containing 01 mM KCI was brought into an E1(3Na) state by the addition
of 20mM NaC1 and then backtitration into an E2(2K) state was performed
by adding KC1. From the changes in eosin fluorescence, the transition
from E(3Na) to E2(2K) could be evaluated. This transition was signifi-
cantly slower for the PKC phosphorylation form of Na4,K4-ATPase in
comparison with the control. In 4 paired consecutive experiments we
found significantly lower apparent affinity for F for phosphorylatcd form
of Na,K4-ATPase. The Km value for Kwas 1.69 0.29 for the control
enzyme and 3.55 0.27 for the phosphorylated enzyme (P C 0.05). Our
data suggest that PKC phosphoiylation modifies the conformation equi-
libria of Na4,K4-ATPase by shifting the enzyme towards the E1Na form.
F transport in the proximal convoluted tubule (PCT) of the anaes-
thetized rat: Dependence on fluid reabsorption. R. W. Wilson, J.D Kibble,
M. Wareing, R. Green. School of Biological Sciences, University of Manches-
ter, UK We have previously demonstrated that manipulating the tran-
sepithelial [K41 gradient in the PCT of the rat alters net potassium fluxes
in a highly predictable manner. To assess the ability of fluid reabsorption
to influence K4 transport, male Sprague-Dawlcy rats (210—250g) were
anaesthetized with thiopental (100 mg.kg' I.P.; Trapanal) and prepared
for continuous microperfusion. Tubules were perfused at 25 nI min' with
a solution containing (in mmole'); 151 NaC1, 5.4 NaHCO3, 0.54 CaC12,
[3H]-inulin at 5O1zCi m1', pH 6.8, and either matched to the osmolality of
plasma (controls) or supplemented with 15 or 30 mmol.Y' rafflnose to
vary the transcpithelial osmotic gradient (Osm; lumen - plasma). A
perfusatc K* concentration of 3.4 mmole L1 was chosen to generate a
transepithelial gradient which gave a net flux of zero in the control group.
The resultant net fluxes of water (J), sodium (JN)' and potassium (K) arc
shown below as mean S.E.M. (negative fluxes represent secretion):
Group
AOsm
(mOsm
kg') (nL mm1min1)
1Na(pmol . mm'S
min')
K(pmol .mm1
min1 (n)
Control 0 2.44 0.26 377 55 —0.93 1.97 14
Raffinose I 15 0.97 0.1S 330 33 —5.64 0.92 18
Rafflnose II 30 0.16 0.15 241 23 —7.62 1.32 20
Net water flux was abolished by an applied Osm of 30 mOsm kg1, which
simultaneously reduced sodium reabsorption by 36%. Addition of raffin-
ose to perfusatcs reduced K to negative values producing a significant
correlation between K and I,, (r = 0.74). This suggests that a component
of F transport is dependent on fluid reabsorption in the PCT. This work
is supported by the Welcome Trust and the National Kidney Research
Fund.
Effect of NH44/NH3 on F-channel regulation in thick ascending limb
(TAL) cells. M. Bleich, M Kottgen, E, Schlatter, R. Greger, Physiologisches
Institut der Albert-Ludwigs-Universitat, Hennann-Herder-Sfr. 7, D-79l04
Freiburg. In excised membrane patches the luminal F-channel of the
TAL is regulated by pH-changes on the cytosolic side. To examine this
regulation in intact cells of freshly isolated TAL segments we measured
the open probability (P0) in cell attached nystatin (CAN) configuration
where channel activity and part of the membrane potential (Vm) are
visible, pH-changes were induced by NH44/NH3 and their magnitude was
determined in unpaired BCECF-fluorescence measurements. In the pres-
ence of NH44/NH3 (102 mol/l) intracellular pH acidified by 0.53 0.11
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(N = 7). Inhibition of the Na42ClK cotransporter by furosemide iO
mol/l reversed this effect to a transient alkalinisation by 0.62 0.14 (N =
7). In the presence of NH44/NH5 (lO2mol/l) Po of F-channels in
CAN-patches was reduced from 0.51 0.14 to 0.08 0,06 (N = 8). The
zero current potential of the permeabilized patches shifted from 40 10
mY to 28 9 mY (N = 6). The single channel conductance of TAL
F-Channels in CAN experiments was 66 5 pS, the reversal potential
for Ks4-currents was 70 2 mV (N = 35) (intracelluar ion composition
of the pipette solution). In slow whole cell (SWC) experiments the
membrane potential (Vm) of TAL cells was —72 1 mY (N = 70).
NH44/NH3 (102mo1/l) depolarized the membrane voltage by 22 2mY(N = 25). In 11 SWC experiments furosemide 10 mol/l partially
counterbalanced the depolarizing effect of NH44 by —19 3 mV to a Vm
of —64 2 mY versus —75 + 2mV under control conditions. The results
show that carrier-mediated import of NH4 exceeds the rate of NH3
diffusion. F-Channels arc regulated by cytosolic pH in the intact TAL
cell. The fact that Ym is not completely repolarized under furosemide and
the absence of F-channel activation by NH44/NH3 in the presence of
furosemidc indicate an additional inhibition of F-Channels by NH44!
NH3. Supported by DFG Gr 480/10.
Cell volume oscillates during migration of MDCK-F cells. A. Schwab,
A. KramerK, K Gabrie4 L. WojnowskV, M. Gekle, H. Oberleithner, Physi-
ologischcs Institut, Wurzburg; *physiologisches Institut, Freiburg; 4NIH/
NCI Frederick. In MDCK-F cells oscillations of intracellular Ca24 rhyth-
mically trigger a Ca24 sensitive F channel causing oscillations of the cell
membrane potential (PD). K4 channel activity is a prerequisite for
migration (0.9 0.03 gm/mm) of MDCK-F cells. The present study was
aimed to reveal by what mechanism K4 channels affect migration.
Impedance analysis (Lindau & Neher 1988, Pflugers Arch. 411:137) of
MDCK-F cells yields a "resting" membrane conductance (GM) of 6.5
1.4nS representing an anion conductance. Spiking K4 channel activity
increases GM bY 22.3 2,5n5 (N = 12). The clectrochemical driving force
is such that F ions leave the cell during each burst of K4 channel activity,
i.e. MDCK-F cells shrink periodically. PD measurements show that K4
ions arc accompanied by Cl or HC03 ions. Inhibition of periodic cell
shrinking with the K4 channel blocker charybdotoxin (5 nmol/l; N =14) or
the Cl channel blocker NPPB (lgmol/l; N = 5) dramatically reduces the
rate of migration (—0.08 0.2gm/mm or 0.15 0.15 g/min, respectively).
Thus, intermittent cell shrinkage is mandatory for migration. Since K4
channel oscillations do not decay the cell must have refilled its K content
at the beginning of each hyperpolarizing spike, i.e. the cells also swell
periodically. K4 refilling can be mediated by the Na4 —K4 —2Ct cotrans-
porter. Blockers of the cotransporter, furosemide and bumetanide, impair
migration of MDCK-F cells providing evidence for the importance of
intermittent cell swelling. We conclude that oscillating K4 channel activity
is responsible for alternating shrinking and swelling of MDCK-F cells.
These changes of cell volume functionally link K channel activity and
migration.
Expression of novel 400 kD laminin chains by mouse endothelial cells.
L.M. Sorokin, R. Hallmann, K von der Mark Max-Planck-Gesellschaft,
Klinische Arbeitsgruppen für Rheumatologie, Erlangen, Germany. The lami-
nm family of proteins are the main constitutents of basement membranes.
One well characterized isoform is isolated from Engelbreth-Holm-Swarm
(EHS) tumour and contains a 400 lcD A-chain, a 215 kD B1-chain, and a
205 kD B2-chain. However, the in vivo distribution of this laminin isoform
is limited. In particular, the expression of the A-chain mRNA and protein,
compared to B 1 or B2-chains, is restricted. This is the case for most
endothelial cells. The present study presents evidence that this may be due
to the synthesis of novel laminin chains by various cndothelial cells.
Immunoprecipitated laminin revealed two 200 kD chains, a 400 kD chain
and nidogen. The 200 lcD bands were identified as the laminin Bi and B2
chains. 1-lowever, polyclonal anti-laminin scra and various A-chain specific
MAbs failed to react with the 400 kD band in immunoblotting, immuno-
precipitation or immunofluorescence. PCR, as well as Northern analysis
using three different cDNAs, failed to detect the mRNA for the laminin
A-chain in most cells studied. Only in one cell line (SVEC) a 10kb mRNA
was detected by Northern analysis using a eDNA specific for the 3' coding
region of the laminin A-chain. cDNAs specific for the central and 5'
coding region of the A-chain did not show any reaction. The results
demonstrate the existence of novel 400 kD laminin chains which complex
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with the B! and B2-chains to form specialized basement membranes in
endothelial cells.
Characterization of proteoglycans produced by rabbit collecting-tubule
principal cells: Negative control by Simian virus 40 (SV4O). R. Piedagnel,
B. Lelongt, P. M Ronco, INSERM U64, Hopital Tenon, Paris, France. We
have previously established a collecting tubule principal cell line with the
temperature sensitive SV4O strain tsA58 (Prié et al, J. Cell Biol. 1991,
113:951). This cell line provides a good model to characterize proteogly-
cans (PGs) synthetized by distal-tubule cells and to evaluate the influence
of large-T expression on their synthesis, since functional expression of
large-T oncogene at the permissive temperature (33°C) induce severe
alterations of basement membrane assembly with reduced expression of
PGs assessed by immunomorphological studies. These changes were
associated with a 3- and 9-fold decrease in [35S] sulfate-labelled PGs
extracted from cells and medium, respectively. Qualitative alterations of
PGs included subtle MW changes, a 2-fold increase in free glycosalamin-
oglycan chains and inversion of the heparan/chondroitin sulfate ratio in a
high MW PG population (80/20 at 33°C vs 40/60 at 39.5°C). The core
protein had an estimated MW of 67 kDa irrespective of large-T functional
status and probably resulted from perlecan trimming since the perlecan
cDNA probe BPG7 (gift of J. Hassell) hybridized a single 13-kb band in
mRNA preparations from cells grown at 33°C and 39.5°C. However,
Western and Northern blotting experiments showed that protein as well as
gene transcript were reduced by about 3-fold at the permissive tempera-
ture of 33°C, as a consequence of large-T oncogene induced transcrip-
tional defect demonstrated by run-off assays performed with isolated
nuclei. These results thus demonstrate that distal-tubule cells synthetize
perlecan-related PGs and suggest that transformation-associated base-
ment membrane disorganization may be related to impaired transcription
of PG core protein.
Regulation of the munne a5(IV) collagen differs from the major
collagen IV chains in NIH3T3 cells. G. Schieren, K Funabiki, P. K/lIen,
Univ. of Michigan, Ann Arbor. Collagen IV, the major structural protein of
basement membrane, is assembled from six genetically distinct chains.
Pairs of genes are organized with their 5' ends separated by a short
promoter sequences. While al(IV) and a2(IV) chains are present in all
basement membranes, the minor chains a3(IV)-a6(IV) have a more
restricted cell and tissue distribution and are thought to be selectively
expressed during kidney development and disease. These observations
suggest distinct regulation of the different pairs of genes. Northern blots of
RNA from various cell lines hybridized with specific eDNA for each
collagen IV chain revealed distinct expression patterns. Surprisingly,
a5(IV) mRNA was most abundant in NIH3T3, whereas little al(IV)/
cs2(IV) and no a3(IV)/a4(IV) could be detected. Stimulation of 3T3 cells
with TGF3 increased al(IV)/a2(IV) mRNA levels after 6 hrs with
maximal expression noted after 18 hrs. a5(IV) mRNA remained un-
changed. In contrast, csl(IV) mRNA levels were increased 2 hrs after
PDGF-BB stimulation, were maximal after 6 hrs, and rapidly declined to
baseline levels by 24 hrs. Since actinomycin D inhibition of transcription
suggests collagen IV mRNA have a long half life (24 hrs), the rapid
decline of al(IV) mRNA after upregulation by PDGF-BB may be caused
by a post-transcriptional mechanism. In contrast, a5(IV) expression could
not be altered by PDGF-BB. Cycloheximide alone had little effect on
al(IV) expression, but inhibited the effect of TGFI3 and PDGF-BB by
approximately 50%. As neither PKC stimulation with PMA nor the Ca
ionophore, ionomycin, could alter expression of a5(IV) in NIH3T3, the
cells seem to express a5(IV) constitutively at a high level. The lack of
response to various mediators, which upregulate al(IV) gene expression
in these cells, supports distinct and independent regulation of the different
collagen IV gene clusters. Differential expression of these genes in
glomerular cells likely causes their pathological accumulation in disorders
such as membranous GN and diabetic nephropathy.
Differential expression of collagen type I subchains in experimental
glomerulosclerosls. E.C. Be,gijk*, J.J. Baelde", F. de Heer*, PD. Killen#,
J.A. Bruijn, Depts. of Pathology, Univ. of Leiden, The Netherlands, and
#Univ. of Michigan, Ann Arbor, MI. Expansion of the glomerular mesan-
gial matrix and thickening of the glomerular basement membrane and,
eventually the development of glomerulosclerosis, are often seen in
immunologically mediated kidney diseases. Increased expression of extra-
cellular matrix (ECM) components at the mRNA and at the protein level
as well as changes in the expression of components regulating ECM
degradation, occur during the development of glomerulonephritis and
glomeruloscierosis. However, in addition to these qualitative changes in
ECM expression quantitative changes in these molecules may contribute
to malformations in the composition of the glomerular matrix. Therefore,
we investigated the expression of the individual subchains of collagen type
IV (col IV), a molecule which is forming the scaffold of the glomerular
matrix, during the development of chronic graft-versus-host disease
(GvHD) in mice, a model for lupus nephritis. Probes for the a3, a4, and
a5 minor chains of mouse col IV and for the traditional col IV major
chains al and a2 were used to investigated the molecular composition of
the glomerular matrix during the development of glomerulosclerosis using
Northern and dotblot analysis. The mRNA levels for all col IV subchains
in isolated glomeruli increased early in the disease, i.e., before morpho-
logical alterations were detectable. The increase was highest 8 weeks after
the induction of the disease, the moment of mesangial matrix expansion.
At the end of the observation period, at week 12, glomerulosclerosis had
developed. At this moment the mRNA levels had decreased again, but
were still higher than those in the normal glomeruli. In the first period of
GvHD the mRNA increase of the major col IV chains was relatively more
abundant as compared to the increase of the minor chains. However, at
week 8 and 12 the relative mRNA increase was much more profound for
the minor col IV chains. Moreover, within this group there was first an
excess of a3 and a4 as compared to a5, but when glomerulosclerosis had
developed (week 12) ratios between the minor chains were approximately
equal. We conclude, that during murine chronic GvHD there is an
increase in col IV mRNA steady- state levels, which is mainly the result of
an increase in mRNA expression of the major subchains in the early stage
of the disease, but which changes towards a relative excess of expression
of mRNA coding for the minor chains later in the disease. The changes in
ratios between the individual col IV chains in disease states may lead to
malformation of the col IV network and thereby exert an important effect
on the structure and biological function of the glomerulus, and play a role
in the development of glomerulosclerosis.
Sequence and conformational determinants of autoantibody binding to
the Goodpasture antigen. N. Turner, J. Ryan, J. Forstová, A.J. Rees, CD.
Pusey, P. J. Mason, Royal Postgraduate Medical School, London UK The
Goodpasture antigen, the NC1 domain of the a3 chain of type IV collagen
(a3(IV)NC1), is a minority component of GBM. Autoantibody binding is
greatly reduced by reduction and denaturation of the antigen, implying
that antibodies recognise predominantly conformational, non-linear
epitopes. eDNA sequences of a3(1V)NC1 from various mammalian
species were amplified from renal cortex and sequenced, using primers
corresponding to sequences 15—20 residues into the NC1 domain and
shortly before the C-terminus. Comparison of these sequences, and of the
ability of GBM from different species to bind human autoantibodies,
makes it possible to identify differences that might confer the specific
properties of a3 chains. For example, the C-terminal loop of the NC1
lomain, including part of a proposed major Goodpasture epitope, is
almost identical in rat and man, but has significant substitutions in sheep
and cow, suggesting that this region is unlikely to be important for
autoantibody binding. Several possibly significant differences are found in
a cluster in the middle of the domain. In vitro expression experiments
should be a powerful way to test such predictions. Because it has proved
difficult to express the molecule in E.coli in a form that binds autoanti-
bodies well, we have used the baculovirus expression system to produce a
recombinant type IV collagen 'minichain' eDNA, constructed rom the 7S
domain of al (IV) and the NC1 domain of the human a3 chain, in insect
cells. The product reacts strongly with Goodpasture autoantibodies by
Western blotting and ELISA, and inhibits binding of autoantibodies to
human GBM. It should be possible to use this material for diagnostic as
well as analytical purposes in Goodpasture's disease.
Changes in the glomerular patterns of fibronectin isoforms in rats with
immune complex and anti-Thy-I nephriti. S.J. Alonso, A. OrtIz, MJ.
Lopez-Armada, D. SerOn', E. Condom *, E. Gonzalez, J. Egido, Fundación
Jiménez DIaz, UAM, Madrid and *Hospital Bellvitge, Barcelona. Spain. An
increase in the glomerular synthesis of fibronectin (FN) is frequently seen
during renal injury. We have studied the pattern of FN isoforms in an
immune complex (IC) nephritis, induced by repeated injections of ovalbu-
mm, and in anti-Thy-i nephritis. The expression (dot-blot) and synthesis
(metabolic labelling and immunoprecipitation) of glomerular FN were
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strikingly increased in the severe phase of IC nephritis (proteinuria 100
mgI24h, intense proliferation and cellular infiltration). The characteriza-
tion of FN isofnrms was performed by ribonuclease protection assays with
RNA probes specific for the EIIIA and EII1B exons. A fourfold increase
in the glomerular EII1A FN, at the mRNA and protein levels (monoelonal
antibody IST-9), was already noted in rats with mild IC nephritis (pro-
teinuria 10—20 mg/24 h, and no cell infiltration), reaching the highest
levels (6—7 fold increase) in rats with severe IC nephritis. By contrast, only
a moderate increment in the glomerular FluB FN mRNA was noted in
the mild and severe phases (two fold increase). In anti-Thy-i nephritis, the
EIIIA and FluB isoforms increased at day 7 (12 and 8 fold, respectively)
coinciding with the maximal TGF$ expression. In conclusion, during
glomerular injury there exist changes in the expression of FN isoforms,
probably induced by growth factors. The study of glomerular FN patterns
could afford information on the pathogenesis of extracellular matrix
remodelling and renal sclerosis.
The purine nucleotide cycle in the kidney cortex and medulla. J.
Stepnsk4 D. Bizon, S. Angieski, Department of Clinical Biochemistiy,
lYedlcal Academy, Gdansk, Poland. The aim of the study was to measure
the activity of purine nucleotide cycle (PNC) in the rat renal cortex and
medulla. The high speed supernatant (100000 Xg, 60 mm.) of renal cortex
and medulla deprived of endogenous substrates by gel filtration has been
used. Cytosols were incubated at 37°C, up to 120 mm. in the presence of
PNC substrates (aspartate,GTP) and coformycine 2uM to inhibit an
adenosine deaminase. The reaction was initiated by addition of (1) ATP
2mM with ATP regenerating system (P-ereatine, CPK), which simulates in
vivo normoxic condition, or (2) ATP 2mM alone, which simulates in vivo
hypoxic condition. The AMP 1mM was served as a substrate in the control
experiments. The flux through PNC was calculated from rate of NH3, IMP
and its metabolites production. In the presence of AMP rate of NH3
generation was similar in both parts of kidney and was 4,8 nmoles/mg
prot./min. After 1 hour of incubation 70 7% of IMP generated in
medulla was ream mated to AMP, whereas only 32 7% in cortex (P C
0.005). In the presence of ATP alone, the activity of AMP deamination
increased up to 7 omoles/mg prot/min. P C 0.05 vs AMP) similarly in
cortex and medulla. Again significantly higher rate of AMP from IMP
regeneration in medulla has been observed (85 6% vs 58 5% in
cortex, P C 0.005). Supplementation of medium with ATP-regenerating
system decreases rate of ammoniagenesis up to 3 nmoles/mg prot./min. (P
< 0.005 vs ATP). In this condition almost all generated IMP is reversibly
reaminated to AMP. The results show that (i) efficiency of PNC in medulla
is about 2-times higher than in cortex and is limited by activity of enzymes
metaholising IMP to AMP, and (ii) the activity of PNC is mainly regulated
by level of ATP(ADP) and supply or AMP.
Renal handling of extracellular nucleotides: Dual modulation of prox-
imal ECTO-5'-nucleotidase (5'-NU). G. Siegfried, C. Amiel, G. Fri edlander,
INSERIvI U251 and Dept. PhysioL, Foe. Med. X.-Bichat, Univ. Paris 7, Paris,
France. Part of the phosphaturic effect of PTH is exerted by luminal,
extracellular cAMP (EcAMP) which is added to the lumen in the proximal
tubule under the influence of PTH (Friedlander et al. I Clin Invest
90:848-858, 1992). Inhibition by EeAMP of Naphosphate (Pi) cotransport
was shown to result from luminal hydrolysis of cAMP into adenosine
(ADO) followed by ADO uptake by tubular cells. Degradation of —'AMP
into ADO by 5'-NU is the limiting step of this cascade. In the present
study, we evaluated, in intact opossum kidney (OK) cells and in primary
cultures of mouse proximal tubular cells, whether 5'-NU activity was
modulated by hormones or mediators and the extent to which such a
modulation would affect inhibition by EcAMP of Na-Pi cotransport. As
reported in renal brush-border membranes, 5'-NU was inhibited by ATP
(Ki = 10 jrM) and by p methyleneadenosine-diphosphate (Ki = 20 nM).
PTH (1—34), 0.1 to 100 nM, increased 5'-NU activity in a time-, concen-
tration-, and protein kioase C (PKC)-dependent manner. The effect of
PTH (1-34) was maximal after 6 h, dependent upon protein synthesis and
was reproduced by PTH (3-34) but not by forskolin or dibutyryl-cAMP.
Nitric oxyde (NO, 1-1000 jiM) inhibited 5'-NU activity. This effect was
independent from protein synthesis or cOMP generation and was not
mimicked by atriopeptides. NO-induced inhibition was potentiated by
dithiothreitol and glutathione, but not by NAD. Inhibition by extracellular
cAMP (10—1000 jiM) of Na-dependent Pi uptake was magnified by PTH
and was blunted by NO. In conclusion: (i) 5 '-NU activity was stimulated by
PTH through a cAMPindependent, PKC-depeodent pathway, and was
inhibited by NO, most likely through 5-nitrosylation of the enzyme; (ii)
modulation of 5'-NU activity by these agents affected the extent to which
extracellular cAMP inhibited Na-Pi cotransport; (iii) these data suggest
that hormonal regulation of 5'-NU may be instrumental in modulation of
phosphate reabsorption by the proximal tubule.
Epidermal growth factor upregulates aminopeptidase N and S'nucle-
otidase activities in human glomerular mesangial cells. P. Vlahovic, V.
Stefanovic, N. Ardaillou, R. Ardaillou. Institute of Nephrology, NLs, Serbia
and INSERM 64, Paris France. Because epidermal growth factor (EGF) is
likely to be released in the glomeruli during glomerular injury and
mesangial cells possess specific receptors for EGF, we thought of interest
to examine whether this growth factor could influence the expression of
ectoenzymes in cultured human mesangial cells. EOF stimulated 5'-
nueleotidase (S'NT) and aminopeptidase N (APN) activities in intact
human mesangial cells in a time (24—72 hr)- and dose (0.1—50 nglml)-
dependent manner. Maximum stimulations represented 2- and 2.7-fold
basal activities for 5'NT and APN, respectively. EUF did not influence
cyclic AMP production and its effect on 5'NT was additive with that of
forskolin or 8-bromo-eyelic AMP. In contrast, genistein (10 ug/mI), an
inhibitor of tyrosine kinase, prevented EGF-dependent stimulation of
APN and 5'NT, suggesting that protein phosphorylation was involved in
the signalling mechanism. EGF stimulated specifically the latter 2 enzymes
since it had no effect on other ectoenzymes including alkaline phospho-
diesterase I and Mg2ATPase activities. These results demonstrate that
EGF, via the control of 5'NT and APN which are implied in adenosine
formation and peptide processing, respectively, plays a role in human
mesangial cell differentiation and probably human mesangial cell contrac-
tility and proliferation.
The renal effect of adenosine infusion depends on the route of admin-
istration. F. Fransen, HA. Koomans, Univ. Hospital, Nephrology, Utrecht,
the Netherlands. Systemic infusion of adenosine (ADO) causes antidiuresis
in the rat, whereas intrarenal infusion has been reported to cause diuresis.
These opposite effects have not been demonstrated within the same
animal. Furthermore, the tubular location of the diuretic effect has not
been investigated. A small catheter was advanced into the left renal artery
of male Sprague Dawley rats and saline with different ADO concentra-
tions was infused at a constant rate. Next, the catheter was repositioned
into the thoracie aorta, above both renal arteries and, after saline, ADO
(50 jig/mm) was infused.
U-flow
Right
(jsl/min)
Left
(}FR (
Right
mI/mm)
Left
intra-renal ADO
0 j.rg/min 4.8 0.7 5.2 2.4 1.34 0.04 1.32 0.07
5 jsg1min 4.8 0.2 12.5 2.la 1.31 0.06 1.42 0.14
10 jig/mm 5.1 0.9 13.7 3.7a 1.34 o.io 1.24 0.12
50 jig/mm 5.8 1.9 12.5 3.la 1.34 0.16 1.16 0.06
aorta ADO
0 j.tg/min 5.1 1.0 5.5 1.5 1.36 0.16 1.17 0.06
50 jig/mm 2.9 0.3* 3.1 1.0° 0.92 0.01* 0.92 0.04*
Mean SE;* = PC 0.05vs. infusion of saline without ADO (ANOVA)
Blood pressure and filtration fraction did not change during the study.
Intrarenal infusion caused diuresis and natriuresis (not shown) without a
change in GFR, suggesting a direct tubular effect. ADO infusion in the
aorta of the same animal resulted in antidiuresis, and a reduction in GFR.
Intrarenal ADO infusion below 5 jig/mm had no effect on urine flow or
GFR. Thus it is unlikely that the different response to the administration
route depends on different ADO concentrations reaching the kidney. To
assess the effect of intrarenal ADO, we performed micropuncture in rats
infused intrarenally with saline or 10 jig/mm ADO. Urine flow increased
as in the clearance study. No significant change in absolute or fractional
delivery of water or Na up to the early distal tubule was observed. We
conclude that the intrarenal administration of ADO increases excretion of
water and sodium, probably by a direct tubular effect. This effect is not
located in the proximal tubule or loop of Henle of superficial tubules.
Systemic ADO infusion causes antidiuresis, partly by reducing GFR.
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Effect of extracellular ATP and UTP on membrane voltage (VM) and
ion currents in rat mesangial cells in primary culture (MC). 'H. Paven-
stddt, 2M. Huber, 'P. Schollmeyer, 2R. Greger, 'Medizinische Klini/ç, Neph-
rologische Abteilung, Hugstetterstr. 55, 2Physiologisches Institut, Hermann-
Herderstr. 7, Albert-Ludwigs-Universitat Freibui 79106 Freiburg.
Extracellular purine- and pyrimidine nucleotides act as transmitters and
local hormones in different cell types (R. Seifert et al., Trends Pharmacol.
Sci., 10:365, 1989). We examined the effect of extracellular ATP and UTP
on membrane voltage (Vm) and ion currents (IC) in MC and character-
ized the nucleotide receptors involved. Vm and IC were measured
simultaneously with the patch clamp technique in the slow- and fast whole
cell configuration. ATP and UTP induced a concentration - dependend
depolarization which was accompanied by an increase of an inward- and
outward current. The effect of ATP was transient and mediated by a P2
receptor. In contrast, the depolarization induced by UTP was sustained.
Addition of ATP (10 mol/l) during the depolarization phase induced by
UTP (10—i mol/l) led to a hyperpolarization of Vm by 14 2 mV (N =
9). Stimulation of protein kinase C by phorbol ester (PDBu, iO—iO
mol/l) caused a sustained depolarization. In the presence of PDBu (10
md/I) Vm was depolarized by 23 2 mY (N = 10) and the effects of ATP
and UTP on Vm of MC were completely inhibited. The data indicate that
both ATP and UTP depolarize Vm and activate an inwardand an outward
current in MC. The ATP induced Vm response was transient and
mediated by a P2 receptor. In contrast the UTP induced Vm response was
sustained and might therefore be mediated by a separate pyrimidine
receptor. This work was supported by the Deutsche Forschungsgemein-
schaft (PA 483/1-1)
Extracellular nucleotides elevate [Ca211 in mouse cortical thick as-
cending limb of Henle's loop. M. Paulais, M Beaudouin-Legros, J. Teulon.
INSERM U.323, Fac. Med. Necker, Pari., France. Several studies have
demonstrated the presence of calcium mobilizing-ATP receptors on renal
established cell lines, but no information was available on a precisely
identified nephron segment. We have used the calcium sensitive fluores-
cent probe, fura-2, to monitor the cytosolic free calcium concentration
({Ca2]1) in cortical thick ascending limb (cTAL) segments isolated from
collagenase-treated mouse kidneys. In the presence of extracellular cal-
cium, cTAL exposure to ATP (K112 —40 iM) led to an immediate and
transient increase in [Ca2]1. This effect resulted from the interaction of
ATP with a P2purinoceptor since adenosine did not affect [Ca2]. This
ATP-evoked [Ca2]1 transient was mimicked by UTP and, to a lesser
degree, by ATPyS. On the other hand, the respective fCa2]1 responses
observed under exposure to iO M ADP (an agonist of the P2 subtype),
13,y-methylene ATP (a P agonist) were of marginal amplitude as
compared to ATP at the same concentration. GTP and CTP had no
significant effect on [Ca2]1. Chelation of extracellular calcium by EGTA
blunted the overall calcium response to ATP (=75% reduction), indicat-
ing a [Ca2]1 elevation mainly due to calcium entry from the extracellular
compartment. Our results show that [Ca2] in intact mouse cTAL
segments displays sensitivity to extracellular ATP, UTP and ATP7S. This
is consistent with the presence of a "nucleotide" P2,, receptor subtype, the
encoding mRNA of which has been recently detected in the whole mouse
kidney (Lustig et al, Proc. Natl. Acad. Sci. U. S. A., 90: 5113—5117, 1993).
